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;é Animal experimentation: Animal experiments were conducted acccrding to the ﬁ
s "Guide for Laboratory Animal Facilities and Care" (1972) prepared by the
§ {ommittee on the Guide for Laboratory Animal Resources, Nationl Academy of

Sciences, National Research Council; the regulations and standards prepared
by the Department of Agriculture; and Public Law 91--570, "Laboratory Animal
- Welfare Act,” 1970.
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PRETACE

This report war prepared at Midwest Research Institute, 425 Volker
Boulevard, Kansas City, Missouri 64110, under U.S. Department of the Army
Contract No. DAMD~-17-74-C-4073, MRI Project No. 3900-B, "Munition Compounds
Mammalian Toxicity Study." The work was supported by the U.S. Army Medical
Bioengineering Research and Development Laboratory, U.S. Army Medical
Research and Development Command, Department of the Army. Cpt. John P.
Glennon, Dr. Jack . Dacre, Dr. David H. Rosenblatt and Cpt. Robert Rice,
Environmental Protection Research Division, USAMBRDL, are the consecutive

technical monitors for the project.

This work was conducted in the Blological Sciences Division, under
the direction of Dr. William B. House, between 1 August 1974 and 28 February
1978. The experimental work was directed by Dr. Cheng-Chun Lee, Deputy
Director, Biological Sciences Division, for Pharmacology and Toxicology with
the as_istance of Dr., Harry V. Ellis, III, Associate Pharmacologist, and
Mr. John J. Kowalski, Assistant Biologist. Dr. John R. Hodgson, Head,
Brochemical and Developmental Pharmacology Section, supervised the studies
on metabolism, cytcogenic and mutagenic studies. Dr. Shang W. Hwang, Associate
Pharmacolozist, assisted the studies on metabol‘am. Dr. Robert D. Short,
Associate Pharmacologist, supervised the in vitro study on wetabolism and
in vivo study on drug wetabolizing ensymes. Dr. J. C. Bhandari and
Dr. Jaime L. Sanyer, Associate Veterinary Pathologiasts, supervised the nec-
ropsy and the histology preparation and performed the microscopic examination.
Mr. Thomas W. r=ddig (ASCP certified M.T.), Laboratory Supervisor, super-
vised the hematclogy and clinical laboratory tests. Mr. Jan L. Minor,
Assistant Toxicologist, supervised the computer program and analysis of ex-
perimental data. Technical personnel included Robert C. Byrne, Bruce S.
Andersen, Mary A. Kowalski, Francis H. Brown, Ellen R. Ellis, Ernesto A.
Castillo, Judith D. Girvin, Patricia L. Wilkerson, Bhanu S. Gosalia, Laurel
M. Halfpap, William M. Bracken, and Rita D. Freeman.
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MAMMALIAN TOXICITY OF MUNITION COMPOUNDS
PHASE II: Effects of Multiple Doses

PART II: 2,4-bLinitrotoluene
(Report No. 3)

EXECUTIVE SUMMARY

The effects of 2,4-DNT after oral administration for up to 13 weeks
weie investigated in dogs, rats, and mice. A detailed study of the dis-
position and metabolism was performed in rats and the metabolic pathways
were compared in various species including the liver of human cadavers.

In dogs, daily administration of 1 or 5 mg/kg/day of 2,4-DNT for
13 weeks did not cause any adverse effects. Daily treatment of 25 mg/kg/day
was toxic after 12 to 22 days and lethal after 22 or more days. There was
great variation in individual susceptibility. Three primary target organs
were seen: the neuromuscular system, the erythrocytes and the testeas. The
neuromuscular sffects observed grossly included incoordination and rigid
paralysis resulting in anorexia and weight loss. These were asssociated with
mild demyelination, gliosis and edema in the central nervous system. A
causal relationship is not certain, but it is significant that demyelination
of the optic nerve was seen only in one of the two dogs that suffered from
transient blindness. The basic erythrocyte effect was methemoglobinemia.
This led tc Heins bodies, anemia, reticulocytosis, hemosiderosis, and
extramedullary hematopoiesis. The testicular effect was a decrease in
spermatogenesis. This effect was noticeable after treatment for 4 weeks
with 25 mg/kg/day of 2,4-DNT and severe after 13 weeks. Severely affected
dogs recovered partially in 4 weeks after cessation of treatment, and com-
pletely in 8 months. Seruw levels of immunoglobin E (IgE) were not affected
by 2,4=-DNT treatment.

In rats, the 2,4-DNT intake of males fed the )ow, middle, or high
levels of 2,4-DNT in the feed averaged 34, 93, or 266 mg/kg/day, respectively.

The female rats consumed an average of 38, 108, or 145 mg/kg/day, respectively.

The low level caused a slight depreasion of weight gain. The middle level
caused a more sevare depression oi weight gain, and hemosiderosis and re-

ticulocytosis, presumably due to methemoglobin, and a depression of sperma-
togenesis. These effects were more suvere and occurred car'‘er in rats fed
the high level. 1In addition, there were anemia, an unusual _ait with wide-
spread and s:iff hind legs, and gliosis and/or demyelination in the central
nervous system. Ten of the 16 high dosage femaies died before the end of

the third week; whereas, 8 of the 16 high dosage males died before their scheduled

necropay. There was partial recovery 4 weeks after cessation of 2,4-DNT.
Chromocomes from lymphocyte and kidney cultures from rats fed the middle

xiii
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level had increased numbers of chromatid breaks and gaps, but no significant
numerical aberrations. Males fed the middle level for 13 wceks and then
mated produced low fertility indexes and no viable fetuses, indicating
sterility. A cy:totoxic level of 2,4-DNT had no mutagenic effect on Chinese
hamster ovary cells in vitro. In rats, as in dogs, 2,4-DNT did not affect
serum IgE levels.

In mice, the 2,4-DNT intake of males fed the low, middle or high
levels of 2,4-DNT in the feed averaged 47, 137, or 413 mg/kg/day, respectively.
The female mice consumed an average of 52, 147, or 468 mg/kg/day, respectively.
The low and middle levels were nontoxic. The high level caused weight loss,
mild anemia, .nd a few deaths. Two of the four high dosage males terminated
after 4 weeks had mild depression of spermatogenesis, but testicular lesions
were not seen in those terminated after 13 weeks' feeding. The mice had re-
covered completely 4 weeks after cessation of treatment. In a dominant
lethality test, male mice fed the 0.2% of 2,4-DNT for 13 weeks were normal,
while those fed the 0.7% level for 4 weeks had a low fertility index and a
norsal implant viability index.

After oral administration (Ring-UL~lac) 2,4-DNT was poorly ab-
sorbed (8 to 12X of the dose within 24 hours) hy two strains of mice, but
well absorbed (75X to 85X) by rats, rabbits, dogs and monkeys. The radio-
activity was concentrated in the liver and kidnevy in all species. Metabolism
was similar in all species studied. One or both witros were reduced to
aminos. The methyl was oxidized to a benzyl alcohol or further to a reactive
benzaldehyde or a benzofc acid. All these products were conjugated to form a
glucuronate or sulfate. The final products were excreted in the urine. Little
or no 2,4-DNT {tself was excreted. No radioactivity from the ring carbons
was excreted in the air.

In female rats, after oral administration of radiolabeled TNT and
various dinitrotoluenes, radicactivity appeared in the bile within 15 minutes.
The tims to peak height ranged from 15 minutes to over 6 hours, in the order:
3,4-DNT < 2,3-DNT < TNT = 2,4-DNT < 2,5-DNT = 3,5-DNT < 2,6-DNT < 4-amino-
2,6-DNT. The amount of biliary excretion of radioactivity within 24 hours
of dosing ranged from 10.3% to 27.3% of the dose in the order: TNT < 2,4-DNT
< 2,5-DNT = 3,4-DNT = 3,5-DNT  4-umino-2,6-DNT < 2,6-DNT < 2,3=-DNT. The
amount of Cadioactivity remaining in the GI tract plus contents and feces
ranged from 3.1% to 46.8% of the dose, in the order: 2,3-DNT ¢ 2,6-DNT <
2,4-DNT = 3,5-DNT < TNT = 2,5-DNT < 3,4-DNT < 4-amino-2,6-DNT.

2,4=DNT was metabolized in vitro by liver homogenates of mice,
rats, rabbits, dogs and monkeys. In these species, between 8 and 277 of
the parent compound was metabolized at the end of 1 hour of incubation.
Under aerobic conditions, the primary product was 2,4-dinitrobenzyl
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alcohol and the second product aminonitrotoluenes. The liver of rabbits
formed more metabolites that the other species. Under anaerobic conditions,
the amount of 2,4-dinitrobensyl alcohol was reduced while more aminonitro-
toluenes were produced. More aminonitrotoluenas were formed by maies than
females; and male rats produced the most. When male rats were fed 0.7% of
2,4~DNT, as used in the toxicity studies above, for 2 weeks, neither zoxa-
solamine paralysis time nor hepatic nitroanisole O-demethylase activity
were affected.

Principal Investigator

Cheng-Chun Lee, Ph.D.

Deputy Director

Biological Scilences Division
MIDWEST RESEARCH INSTITUTE
425 Volker Boulevard

Kansas City, Missouri 64110
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MAMMALIAN TOXICITY OF MUNITION COMPOUNDS
PHASE 1I: Effects of Multiple Doses
PART II: 2.4-Dinitrotoluene
(Report No. 3)

INTRODUCTION

Under Contract No. DAMD-17-74-C-4073, entitled, "Munition Compounds
Mammalian Toxicity Study," we conducted Phase I studies on the effects of
acute exposure of various munition compounds.l/ During Phase II, we studied
the effects of multiple exposure to selected compounds including trinitro-
glycerin (TNG), 2,4-dinitrotoluene (2,4-DNT), 2,6-dinitrotoluene (2,6-DNT)
and nitrocellulose (NC). This report summarizes the results of Phase II
studies on 2,4-DNT. Subacute and subchronic toxicities were performed in
dogs, rats, and mice to determine the maxiamum tolerated dose and to define
the biological nature and target organ(s) of the toxic effects. Reversibil-
ity of any adverse effects was determined., Mutagenicity of the compound was
assessed. Immunologic response was studied by the detection of the serum
IgE antibodies. A detailed study on the disposition and metabolism of the
radiolabeled compound was performed in rats; the metabolites were isolated
and identified. Comparison of the pathways of biotransfoimation was also
studied in vivo in mice, rabbits, dogs and monkeys and in an in vitro system
using tissues of the various species including the liver of human cadavers.
For comparison, biliary excretion of various nitrotoluenes, including TNT,
2,3-DNT, 2,5-DNT, 2,6-DNT, 3,4-DNT, 3,5-DNT and 4-amino-2,6-DNT 'n rats
were studied. Effects of the test compound on drug metabolizing enzymes
were also investigated in in vivo and/or in vitro studies.
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I. DOGS

— —

A. Subacute and Subchronic Toxicities and Reversibility

1. Introduction

These studies vere perfrrmed to define the nature and extent of

effects of 2,4-DNT on the hiological systam at the biochemical and cellular
lavels and to elucidate the dose-response relationship in dogs after admini-

stration for 4 weeks and 13 weeks. The reversibility of adverase effects
were studied after the treatment of 2,4-DNT was discontinued for &4 weeks.

2. Material and Methods

a. Number of Doxs, Sex and Treatment

A total of 32 young healthy beagle dogs (Hasclton Research
Animals, Cumberland, Virginia) weighing between 7.5 and 12.5 kg were used
for these experiments. Tha dogs were conditioned and observed carefully in
our animal quarters for 3 weeks after their arrival frem the supplier. They
were divided into four groups, each consisting of four males and four fe-
males. The average weights of all groups were kept close.

Three groups of dogs were given 1, 5, or 25 mg/kg/day of
2,4-DNT in capsules. 2,4-DNT was purchased from K and X Laboratories
(Cleveland, Ohio), and mixed with lactose, USP, in a ball mill to give mix-
tures containing 1%, 5%, and 257 of 2,4-DNT, reapectively. After the weekly
weighing, appropriate amounts of the proper mixture were weighed into cap-
sules, so each dog received the intended dose. The fourth group gerved as
the controls and was giver empty capsules daily throughout the experiments.
Purina dog chow and water were available ad libitum, except wherever specified.

b. Zxperimental Procedures

All dogs were observed daily for behavicral changes and toxic
signs. Body weights of all dogs were recorded weekly. Blood samples were
collected for laboratory tests before treatment and at 4, 8, 13, and/or 17
weeks during experiment. The tests included hematology,. clinical blood chem-
istry tests and serum electrolytes. For fasting blood glucose, the dogs
were fasced overnight for 16 hours. At termination or when wmoribund, the
dogs were euthanized with an overdose of sodium pentobarbital and examined
for gross lesions. Weights of heart, liver, spleen, kidneys, adrenals, and
gonade were recorded, and organ weight to body weight ratios were calculated,

,n-rvwmw
¢ v

e

T i i MY T3 Lot NG AT I et I TP I e 1 A

SRS )

Fo s




e a—————

e b e e b

various tissues were remsved, fixed, processed, secticned and stained for
microscopic exsmination of lesions. The procedures for hematology, clinical

blood chemistry tests, and histopathology, and the normal values are given
in Appendix I.

The contentrations of c.2+, Hg2+, Na* and X* 1n serim were
determined with the atomic absorption spectrophotometer, according to the
provedure uda:l by Pyhuu.& originally described for Ca and Mg. The resonance
lines used for the analysis of cach of the elements are: Ca, 4227 i; Mz,
2852 1; Na, 3302 K; and K, 7665 A Sodiup was detarmined by using the 3302 A
line rather thsen the more sensitive 5890 A lice to avoid large dilutions of
the serum. In this way, Ca, Mg, and Na were Jetermined efter a 50-fold
dilutiorn (0.2 mg serum to 10 ml) of the serum with 1,000 ppm strontium in
0.1 N perchloric scid. Potassium was determined cit.er a second dijiutioc
(1:1) or a total of 100-fold dilution. Phkosprate interfercnte and the inter-
ference of sodium on potassium wz2re eliminated by the addition of strontium.
The perchloric acid was used to remove protein interference. The serum
chloride conzentration was determined with a Buchier-Cotlove chloridometer.

Bromosulfophthalein (BSP) reteution test was performed at
termination. A single dose of 5 mg/kg of the steriie test dye (Dade, Miami,
Florida) was injected intravecsusly following fasting for 16 hours. Serum

level of the dye at 15 minutes was determined and the percent of retention
in the plasma was calcul&ted.é

The results of the various parameters were compared with the
reepective baseline levels and/oy with those of the control groups et the

respective time intervals according to the Dunnett's multiple comparison
procedure.4/

¢. Experimental Design

At the end of 4 and again st 13 weeks of continucus treatment,

one male #nd one female dog from each dosage group were euthanized for necropsy.

The treatment for one other male and female dog from each group was discon-
tinued at the end of 4 and 13 weeks and they were then euthanizad at the end
of 8 and 17 weeks, respectively, to study the reversibility of adverse effects.
Several dogs from the high dosage group wer» moribund and euthanized before
the scheduled time. The two dogs in the high dosage group (male No. 59 and
female No. 62) who were removed from treatment after 4 veeks were not eutha-

nized until 8 months later to test reversibility after recovery for a loager
time.
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3. Results

Ky S =

a. General Observations and Weizht Gain

The contro)l dogs and dogs receiving 1 or 5 mg/kg/day of

Z %_ 2,4~DNT were healthy throughout the treatment period of 4 or 13 weeks.
% Their body weighta bafore, during and after treatment are summariged in
V. Table 1. Some dogs consistently gained weight, and others gaived or lost
. small amounts of weight.
%- Iu contrast, all of the dogs trected with 25 mg/kg/day began
&

showing toxic signs after i2 to 22 days of trestment. Femals No. 62 fiist
had a losa of coutrol of her hind legs on day 12 of the study. After &
weeks' reatment, she was removed from treatment for recouvery studies. Males
Nos. 57,63, and 65 first showed similar symptoms on day 1l4. No. 65 was
kitled when moribund after 22 dayas of rreatment, and No. 63 after 24 days.
No. 59 was picced in the recovery study with female N¢. 62 after treatment
for 4 weeks. Two females first showed toxic signs or day 20. No. 64 wao
killed when moribund on day 36; No. 66 survived i3 wzeks' treatment and was
allowed to recover thereafter for 4 weeks. The lant two high dosage dogs
firat showed symptoms on day 22. vemale No. 60 was killed when moribund on
day 48; male No. 61 waer killed after 13 weeks.

—
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The intensity of toxic signs varied between dogs and also in §
the same dog from time to time. As noted above, on day 22, male No. 63 was ‘

. ;‘ moribund, while male No. 61 was just beginning to show symptoms. Similarly,
-~ No. 65 was euthanized 8 days after he first showed symptoms, while male
No. 59 survived 77 more days of continued treatment. Frequently, a dog

showed smvere symptoms for days or weeks, apparently recovered for a while,
S and then got worse again. When dogs werc removed from treatment, the symptoms :
always lessened. After 4 weeks of recovery, they appeared normal except for

occasional poor balance.

? Toxic signs seen in virtually all affected dogs included de- é

. ! §' creased feed “onsumption, weight loss, yellow stain on and near hiud legs,

é g . pale gums (sometimes blue-tinged), and a neuromuscular incoordination and
oo paralysis. The weight loss is shown in Table 1, with some dogs losing half

' 2 ;' thair inicial body weight. The characteristic effects of 2,4-DNT were those
S A on the neuromuscular system. The first manifestation was a stiffness and

; § ircoordination of the hind legs. As this progressed, the animals had diffi-
E E If culty maintaining their balance. Evantually, they were unable to stand, and
_ t ve collapsed, lying on one side. Their muscles stiffened with the legs extended
S | and tack arched. The stiffress progressed upward from hind legs to trunk,

l ' 'i forelegs, neck, and then head. One dog with moderately severe gsigxns was

examined by Ir. Brazi{l, a veterinary neurologist at the University of
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Missouri, Columbia. He found hyperreflexia of the extrcmitias, introt
spinal cord and nerves, opfsthotonus, and a roll’’ng motion to the right.
The dog showed signs similar to those of a middie ear inflammation, but
no such lesion was found.

Some toxic signs were seen in only a few of the dogs. Females
Nos. 62 end 66 had transient blindness. When examined by Di. Harlan Jansen,
s veterinary ophthalmologist of the University of Missouri, Columbia, Missouri,
No. 66 was functionally blind with widely dilated pupils unresponsive to
light. Vertfical or oval nystagmus was present when the dog's position was
changed or vhen she was stimulated by a loud noise. The fundus appeared
normal. Several dogs had occasional tremors; male ¥o. 65 had a grand nmal
type convulsion shortly before he was euthanized. At times, some dogs sali-
vated excessively. A few vomited occasionally, but the time was not ob-
served.

©. Blood Analysis

Since the hematology and clinical blood chemistry results of
the male dogs and the female dogs were not significantly different, the
data frma both sexes from the control group and the trested groups were com-
bined and are summarized in Tables 2 through 5, respectively. 1In the low
and middle dosage groups, the peripheral blood elements and various clinical
chemistry parameters were not apparently altered by 2,4-DNT. However, when
compared to bascline levels within the group, or when compared to the control
dogs at the same time interval, there were a number of changes. The increase
in the erythrocyte count and blood hemoglobin levels with a correspoading
decrease in cell volume and cell hemoglobin 8 characteristic of maturing
beagles of the age used. The other changes were slight and inconsistent
and usually occurred in both control and treated dogs.

The high dose of 2,4-DNT (25 mg/kg/day) caused some changes
in the blood. The erythrocyte count did not increase as did the controls
and other treated groups. Hemoglobin, hematocr-it and cell volume decreased.
The reticulocyte count was high, except for two female dogs (Nos. 60 and 64)
tested in week 6. These two dogs were very severely sffected and had almost
no reticulocytes and elevated BUN.

The tresetment of one male and ornc feuals from each group was
discontinued after 4 weeks to study reversibility of adverse ecffects. As
seen in Table 6, all treatment groups are similar. A rveversibility study
was also performed after 13 weeks of treatment. Only one female treated
with 25 mg/kg/day survived at the and of 13 weeks. The changes of her
peripheral blood elements caused by z,4~DNT were reversible after the treat-
ment was discontinued for 4 weeks, although the erytirocyte count, hemato-
crit and hemoglobin remained lower than those of the rontrol dogs (Table 7).
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4, 8, and 13 weeks' treatment. Results are shown in Table 9. No changes
occurred during treatment.

% Methemoglobin and Heinz bodies were determined after 4, 8 and,
f’ 13 weeks of treatment. Results are shown in Table 8. Small amounts of

* methemoglobin were seen in the surviving high dosage dogs tested at both

5 8 and 13 veeks and {n two of the four middle dosage dogs tested at 13 weeks.
§ All levels found were minimal. Since the assay is the difference of two

% absorbance readings, some of the values may be artifact. Heinz bodies were

? seen in all high dosage group dogs at all times tested. When dogs were

% tested after 4 weeks' recovery, none had any methemoglobin. Only one high dosage
k] group female (No. 62) had 0.47 Heinz bodies at 4 weeks after 4 weeks of

% 2,4~DNT treatment.

% Serum electrolytes were assayed before treatment and after

¥

:

c. BSP Retention
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BSP retention was determined on the dogs before treatment 3
and the dogs euthanized after 4 or 13 weeks' treatment. The results are
shown in Table 9. 2,4-DNT did not cause any retention of BSP in these dogs.

d. Organ Weights
The absolute and relative organ weights of all dogs are ’ ;

shown in Tables 11 through 14. Changes were seen only in the high dosage
dogs. Their livers were relatively large, due to decrease in body weight. §

e. Gross and Microscopic Examination of the Tissues ;

R

The dogs in the control, low dosage and middle dosage groups 3
terminated at various times were in good nutritional condition without any
apparent gross changes. After 4 weeks, one control dog (No. 58) had mild
inflammation in the lung and liver (Table 15). After 13 weeks, cne control
dog (No. 53) and both low dosage dogs (Nos. 77 and 78) had similar inflamma-
tion in their livers (Table 16). These are spontaneous lesions, rot related
to 2,4~DNT treatment.

T € L p B

The high dosage dogs were {n fair to poor nutritional con-
dition with little or no body fat. Two dogs that were moribund during the
4th week had cloudy swelling in the heart and kidney, gliosis, edema, de-
myelination in the cerebellum, brainstem and/or spinal cord (Table 15).
In addition, one dog (No. 63) had subacute inflammation in the liver, tubular
degeneration in the kidney, wucoid degeneration in the gastrointestinal tract,
ingctive germinal centers in the lymph node and aspermatogenesis in the testes;
the other dog (No. 65) had emphysema in the lung and hemosiderosis in the
liver. One dog (No. 64) was moribund during the 6th week, one dog (No. 60)
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was moribund during the 7th week and one dog (No. 61) wes terminated at the
end of the 13 weeks. These three dogs had mild cloudy swelling in the heart
or kidney, severe hemosiderosis in the liver, spleen or lymph node, mild to
moderate gliosis, edema, demyelination in the cerebellum, brainstem ‘r spinal
cord and/or severe aspermatogenesis in the testes (Table 16). oOther occa-
sional lesions included mild pneumonia and emphysema in the lung, subacute
inflammation in the liver, tubular degeneration in the kidney and lymphoid

depletion in the spleen. The bone marrows and the myeioid/erythroid (M/E)
ratios of these dogs were normal.

The dogs treated for 4 or 13 weeks and allowed to recover
for 4 weeks or longer were in good nutritional condition. There were a few
mild to moderate lessions {n the lung, liver, and lymph nodes (Tables 17 and
18). Two high dosage dogs treated for 4 weeks and allowed to recover for
8 months had only a moderate pneumonia or # mild tonsilitie. The high dosage
female dog treated for 13 weeks and allowed to recover for 4 weeks had
mwild demyelination of th  :erebrum and optic nerve.

4. Discussion nd Conclusions

Daily treatment of 1 or 5 wg/kg/day of 2,4-DNT for 13 weeks did
not cause any adverse effects to dogs. Daily treatment of 25 mg/kg/day was
toxic after 12 to 22 days and lethal after 22 or more days. There was
great variation in individual susceptibility. Three primary target organs
were seen: the neuromuscular system, the erythrocytes and the testes.

The neuromuscular effects observed grossly included incoordination
and rigid paralysis resulting in anorexia and weight loss. These were
assoclated with mild demyelination, gliosis and edema in the central nervous
system. A casual relationship is not certain, but it 1is significant that
demyelination of the optic nerve was seen only in one of the two dogs that
suffered from transient blindness.

The erythrocytic effects are readily explained by the well-known
methemoglobin-producin;; effects of nitro and amino compounds.=’ 2,4-DNT
or some of its metabolites oxidize hemoglobin to methemoglobin. The quantity
of methemoglobin i8 more than the usual hemostatic systems can reduce, so it
is destroyed. This process leads to the destruction of erythrocytes, de-
posits of hemosiderin in liver, spleen, and/or lymph nodes, Heinz  bodies in
the surviving erythrocytes, and a stimulation of erythropoiesis. The eryth-
ropoietic effect leads to an increase in circulating reticulocytes. Most of
these effects were observed. Blood samples were normally taken 18 tc 20
hours after dosing, ahd most methemoglobin haa been removed from circulation.

The testicular effect was a decrease¢ in spermatogenesis. This
effect was noticeable after treatment for 4 weeks with 25 mg/kg/day of Z,4~DNT
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and was ..vere after 13 weeks. However, a subsequent recovery period of
4 weeks or longer was sufficient to reatore to normal histologic appearance.

The anorexia and subsequent malnutrition complicated the body's
normal repair mechanisms by reducing the supply of exogenous protein and
calories. Therefore, the liver was unusually active in catabolizing various
tissue constituents. Because of this increased activity, the livers cf the
affected dogs did not reduce in weight, although these dogs had severe weight
loss. |

Morton, et “1_§/ have recently reported significant increases in
SGOT in workers exposed to TNT dust. We found no similar effects. Thise
may be due to different prop:rties of the two compounds or due tc species
difference.

There was a wide variation in individusl susceptibility to the toxic
effects of 2,4-DNT: one dog was moribund when two others began to show
symptoms. Similar variability has been noted in workers exposed to 2,4-DNT
fumes.L’ Furthermore, some dogs apparently adepted to continued i{ngestion
of the corpound and partially recovered from the toxic effects.

When treatment with 2,4-DNT ceased, affected dogs began to recover
from the various effects. After 4 weeks, one dog had a minor balance problem
and some demyelinatioa in the cerebrum and optic nerve. Since this dog was
female, we have no data on testicular recovery. Two other dogs kept for 8
months were completely recovered from all effects.

B. Immunologic Response to 2,4-DNT

1. Introduction

In humans, anaghylaccic reactions were associated with high ctiters
of immunoglobin E (Ig).2/ 1IgE, the allergic or hypersensitive antibody,
was determined in dogs treated with 2,4-DNT.

2, Material and Methods

The immunodiffusion technique of Mancini et nl.-9./ was used for

determination of serum IgE titer. Replicate samples of serum from the con-
trol dogs and dogs treated with various doses of 2,4-~DNT at various intervals
were placed in wells in an immunodiffusion chamber along with suitable stan-
dards. These dogs were used for subacute and subchronic toxicity studies
as described in Section I.A. The diffusion chamber was incubated at 37°C
for 48 hours and the diameter of the precipitin ring was measured. Since
the square root of the diameter is directly proportional to the concentration
of the antibody, the IgE concentration was quantitatad with the standard
antibody reagent.

11
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3. Results and Conclusions

The results of IgE concentration of control dogs and dogs treated
with 2,4-DNT are summarized in Table 19. Trcatment of various doses of
2,4-DNT for 4, 8, or 13 wceks or treatment for 4 or 13 weeks followed by
recovery for 4 weeks did not cause any apparent changes on serum concentra-
tion of IgE.

C. Summary

Doses of 1 or 5 mg/kg/day of ,4-DNT for 13 weeks caused no adverse
effects in dogs.

Doces of 25 mg/kg/d1y were toxic after 12 to 22 days and lethal
after 22 or more days, with great variation in individual susceptibility.
The target organs were the neuromuscular system (incoordination and rigid
paralysis), the erythrocytes (methemcglobinemia and sequelae, including
Heinz bodies and anemia) and the testes {decrease in spermatogenesis).
Serum IGE levels were not affected by treatment. Severely affected dogs

recovered partially in 4 weeks after cessation of treatment and completely
in 8 months,
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TABLE 8 L
i
METHEMOGLOBIN AND HEINZ BODIES IN CONTROL DOGS AND L ﬁ

DOGS TREATED WITH 2,4-DNT : .

!
Methemoglobin (%) Heinz Bodies (%) ,'
Dosage i 3
(mg/kz/day) 4 Weeks®/ 8 Weeks 13 Weeks 4 Weeks 8 Weeks 13 Weeks ;

0 0 (4)2/ 0 (& 0 (4) 0 (8) 0 (&) . 0 (4) : §
1 0 (8 0 (&) 0 (4) 0 (8) 0 (4) 0 (4) o '
5 0 (8) 0 (&) 1.9 (4) 0 (8) 0 (&) 0 (4) §
25 G (6) 3.5 (2) 3.8 (2) 4.1 (6) 5.5 (2) 4.9 (2) ! ‘]
a/ Weeks of treatment. T /4
b/ Mean (number of dogs tested). P
§
;4',
N
i
‘ |
: P
E ;
C

|

; S
o
by S
2 i

[ i

L
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TABLE 9

PR T \

Dose Sg_um_ﬁlgsmm_imlll
(ng/kg/day) Xa K Mg cl
Befor. Treatment (§ dogs/group)
Control 150 + 2—1 5.5+ 0.4 5.5 + 0.2 1.6 + 0.4 115 + 4
1 151 + 2 5.3+6.2 5.6+0.1 1,5+0.1 110+ 4
5 148 + 3 5.2+ 0.2 5.6+0.2 1.5+0.1 112+ 2
25 149 + 2 5.3+ 0.1 S.4+0.1 1.5+0.1 113+ 3
Treatment fcy & Weeks (2 dogs/group) l
Contyuig 151—’ 4.8 5.2 1.6 109 J
i 143 4.7 5.3 1.4 105
5 / 154 5.1 5.6 1.5 104
25¢ 157 5.7 5.0 1.8 110
Treatment for 8 Weeks (2 dogs/group)
Control 154 5.1 5.5 1.6 108 3
1 152 4.9 5.3 1.6 106
5d/ 150 4.7 5.1 1.6 104
25 153 5.0 5.2 1.8 107
Troatment for 13 Weeks (4 dogs/group)
Control 148 + 2 4.6 +0.2 5.2+0.2 1.5+01 104+1
1 146 + 1 4.6 +0.2 51+0.1 1.5+0,1 101 + 2
146 + 3 4.6+ 0.3 50+0.3 1.5+0.1 102+ 2
2&9/ 145 4.7 4.9 1.6 101
a/ Mean + S.E,
b/ Mean.
¢/ Oue dog.
d/ Three dogs.
&/ ‘Two dogs. *
21




I R———— S i
5

T Sy

o ol R

TABLE 10
BSP_RETENTION OF DOGS TREATED WITH 2,4~DNT
Dose Before Treatment After ks After 13 Weeks
(ag/kg/day) Dog No. % Retention |Dog No, % Retention |Dog No. 2 Retention
Control 51 S 57 4 53 7
Control 52 9 58 3 54 5
Control 53 7
- Lontrol _ _ _ 34 _ _ _ _ - 8
1 75 7 81 5 77 6
1 76 5 82 6 78 7
1 17 5
R S, 8 __ | T S P I
5 67 R 73 4 64 4
5 68 10 74 3 70 5
5 69 8
- T 0 __ __ 10 L e e e e - e e
25 59 12 61 4
25 60 5
25 61 3
__2___ ___6 _ ___ 5
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TABLE 15
s OF TISSUE LESIONS OF TREATED
WITH 2,4-DNT FOR & WKEKS
Dose (mg/kg/day)
0 1 5 25

Lesions®/ Dog No.: |57 58 |81 82|73 74 |63 65
Heart
_ Cloudy swelling _ _ _ _ _ | _ _ __. I DR 4ot
Lung

Subacute inflammation +
— Bmphysema _ _ _ _ _ _ _ _ SIS Y [ -1
Liver T

Subacute inflammation + +
— Hemogiderosis _ _ _ _ _ _ | ——m 4 - i -
Kidney

Cloudy swelling + +
— Iubular degeperation _ _ | _ _ _ _ | | - e - S
Brain

Gliosais +

Edema +

Cerebellar demyelination + +

Brainstem demyelination +
— Spinal cord demyelination | _ _ _ _ | __ __{_ ____ e
Gastrointestinal Tract
— Mucoid degeneration _ _ _ J_ _ _ _}____Jd_____ i
Lymph Node
— Inactive centers  _ _ _ _ _ P PN i I B
Testes
_ Aspermatogenesis_ _ _ _ _ i P | G S
Bone Marrow

M/E 1.5 1l.4| 1.4 1.3]1.4 1.3 ]| ¢/ ¢f

Tissues not listed were normal.

a/ Severity of Lesions:

++++ = very severe; + = questionable.
b/ Moribund and terminated during the 4th week.
¢/ Marrow smear was not prepared.
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TABLE

16

SUMMARY OF TISSUE LESIONS OF BEAGLE DOGS
TREATED WITH 2,4-DNT FOR 13 WEEKS

Lesionsd/ Dog No.:| 53

Heart

— Cloudy_swelling _ _ _ _ _ .

Lung
Pneumonia

Subacute inflammation
Hemosiderosis

Brain
Gliosis
Edema
Cerebellar demyelination
Brainstem demyelination
Lymph Node
Hemosiderosis

S s T e R ot A

————

A

b om e o -

f o e - -

Tissues not listed were normal.

a/ Severity of Lesions:
severe; + questionable.

b/ Moribund and terminated during the 6th week.
¢/ Moribund and terminated during the 7th week.
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TABLE 17

SUMMARY OF TISSUE LESIONS OF DOGS TREATED WITH 2,4-DNT

% FOR 4 WEEKS AND ALLOWED TO RRCOVER
FOR_4 WEEKS OR LONGER

Dose (mg/kg/day)
b

g

0 1 25 ‘

a - — 1

E Lesiona—/ Dog No.: 55 36| 719 80 | 71 72 | 59 62 i
' Lungs }

7 Pneumonia +— — + . i

_Edema _ _ _ _ _ ___ ____._ oo d- | SO S :

' Lymph Node

; R Hyperplasia + + !

f . _Necrosis_ _ _ _ _ _ _ ___ __ | S P | i

f e Tonsil i

1 — Inflammation _ _ _ _ ___ __ B . B . R, X @

] Bone Marrow
; M/ E ratio 1.4 1,3} 1.6 1.3]| 1.2 1.5 ¢/ c/

e D SRR W e W eGSR o s WS amm MR n A W e

Tissues not listed were normal.
a/ Severity of Lesions: + = mild; ++ = moderate; +++ = severe; +++ =

» very severe; + = questionable,
b/ Allowed to recover for 8 months, the others are all for 4 weeks.

¢/ Marrow smear was not prepared.
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TABLE 18

SUMMARY OF TISSUE LESIONS OF DOGS TREATED WITH 2,4-DNT
FOR 13 WERKS AND ALLOWED TO RECOVER FOR 4 WEEKS

Dose (mg/kg/day)

0 1 5 25

Leetons®’  pog No.: 51 52 | 15 176 | 61 68 66
Lungs
.. Subscute_inflammation _ _ _ _ _ | ot ] -
Liver

Subacute inflammation + +
— Hepatic cell necrosis _ _ _ _+ | _ _ _ _ ___ ____. -
Brain

Cerebral demyelination +
— Optic nerve demyelination _ _ _ _|_ _ _ _ __|______ 4.t
Lymph Node
_ Pigment _ _ _ _ _ _ _ _ A NN U o - -
Bone Marrow
_M/Erxatio _ _ _ _ _ _ _ 1.3_ _1.4 ] 1.4_ 1.3 | 1.5 _1.5_ | _1.4

Tissues not listed were normal.
a/ Severity of Lesions: - = mild; ++ = moderate; ++ = severe;
++++ = very severe; + = questiounable.
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II. RATS

A. Subacuie and Subchronic Toxicities and Reversibility

1. Introduction

As for the dogs, these studies were performed to define the nature
and extent of effacts of 2,4~-DNT on the biological system at the biocchemical
and cellular levels and te 2lucidate the doze-response relationship in the
rats fed 2,4~DNT for 4 weeks and 13 weeks. The reversibiiity of any adverse
effects was also studied after the feeding of 2,4-DNT was discontinued for
4 weeks.

2, Material and Methods

a. Number of Rats, Sex and Trcatment

A total of 64 male and 64 female young healthy CI® rats
(Charles River Breeding Lab.) were used for this study. They were divided
into four groups, each conesisting of 16 wales and 16 femeles. The average
weights of all groups were kept close. Three groups of rats were fed 0.07,
0.2, or 0.7% 2,4-DNT in their feed. The fourth group, serving as control,
was given the powdered standard rodeant chow (Wayne Laboratory Meal) without
2,4-DNT.

. Animal Husbandry

Our znimal quarters have a ventilation system with 10 air
changes per hour. The room air is passed through filters to remove 99.97%
of all particles larger then 0.3 u. The temperature is maintained at 75 +
5°F and the relative humidity at 50 + 10%. All animal rooms are kept at
12-hour light cycles.

Upon arrival from the breeder, the rats were isolated ani
conditioned in our rndent quarter for at least 2 weeks before starting on
the experimant. They were housed two per plastic cage with filter tops.
Hardwood chips were used after steam-sterilization &s bedding material and
changed weekly. All cages, cover tope and water bottles were steam-
steriliged before using and once every month. Feed and water were availabie
at all times.

¢. Feed Praparation

2,4<DNT was purchased from K and K Laboratories (Cleveland,
Ohin) and mixed with rat feed to produce a diet contsining the desired 0.7%
of 2,4-DNT. The diet was placed in a wooden box (16 x 16 x 20 in.) until
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half full. The box was rotated about its long axis for 1 hour in a modiiied
cement mixer at a speed of 20 rpm. Subsequently, portions of this diet were
mixed with the standard chow in proper amounts to yield 0.27% and again 0.07%
of 2,4-DNT, respectively.

d. Experimenteal Procecdure

The experimenta) procedure for rats was the same as for dogs,
descridbed iu Section I.A.2.b., with the following exceptions:

(1) Feed consumption of all rats was measured throughout
the experiment.

(2) Blood samples were collectaed by cutting the tip of the
tail at 0, 4, 8, 13 and/or 17 weeks for hematology tests. In addition,
terminel blood was coilected from the abdominal aorta under ether anesthesia
for clinical chemistry tests.

(3) BSP retention test was not performed.

e. Experimental Design

The experimental design for rats was the same as for dogs,
described in Section I.A.2.c., with the following exceptiouns:

(1) At the end of 4 and 13 weeks, four male and four female
rats from each group were euthanized for necropsy.

(2) Treatment was discontinued for four male and four female
rats from each group at the end of 4 weeks and 13 weeks. These rats were
observed for 4 more weeks and then euthanized for necropay to study the re-
vaersibility of the adverse effects.

3. Resuits

a. General Observaticos and Weight Gain

The contvol rats and rats fed 0.07% or 0.2% 2,4<DNT in the
feed were hcaithy thrcoughout the experimental periods of 4 or 13 weeks.
Rats fed 0.7% 2,4-DNT soon ate less, were ifnactive, lost weight, &nd died.
A few animals occasionally had an unusual gait with wide spread and stiff
hind legs. 1..ls resembled the gait seen in affected dogs, but the ensuing
rigid paralysis was not seen.

The fewmale rato in the high dnsage group died : son after
t;eatment began. Four died in the first week, four more in the second, and
two in the third week. After 4 weeks of treatmant, four survivors were
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killed for autopsy and two survivors were given control feed without 2,4-DNT
to test reversibility of the effects. Deaths in the males occurred later:
the first two in week 4, after more than half of the females had died. 1In
addition, there was one death in week 6, one in week 7, two in week 8, one
in week 12, and one in week 13. One middle dosage group rat died in week
14, just after the start of the reversibility experiment. All of the rats
dying ac unscheduled times had lost weight and had little or no body fat
remaining.

The body weights of the male and female rats before, during,
and after treatment are summarized in Tables 20 and 21, respectively. The
weight changes are better 1llustreted in Figure 1. The control rats con-
sistenily gained weight throughout the experiment. The low and middle
dosage group rats did not gain as much weight and cccasionally lost weight.
The high dosage group rats consistently lost weight. ©During the reversal
study all rats gained weight; the lightest ones (high dosage group) gairning
the most.

b. Feed Consumption and 2,4-DNT Intake

Feed consumptions of rats fed various doses of 2,4-DNT are
sumuarized in Table 22. These results reflect the weight changes. Low and
middle dosage group rats ate somewhat less than control rats; high dosage
group rats ate one-thivd to one-half as much as controls. During the re-
covery period, all rats ate similar amounts of feed.

The 2,4-DNT intakes of the treated rats are summarizcd in
Table 23. Because of their increase in body weight, intake by the low dosage
male rats decreased from 37.6 mg/kg/day in the first & weeks to 31.8 mg/kg/day

in the last 5 wecks, averaging 34.3 mg/kg/day. Since the weight varied little,

intaske by the low dosage females fluctuated only slightly between 37.6 and
39.7 mg/kg/day, averaging 38.3 mg/kg/day. 1In the middle dosage group rats,
the males received an average of 92.8 mg/kg/day, ranging from 84.3 to 101.7
mg/kg/day; the females received an average of 108.3 mg/kg/day, ranging from
97.4 to 117.7 mg/kg/day. Because of relatively constant feed consumpcion
at decreasing body weight, 2,4-DNT intake by the high dosage male rats in-
creased from 191.4 mg/kg/day to 292.1 mg/kg/day, averaging 265.6 mg/kg/day.
The intake by the high dosage female rats wes 145.2 mg/kg/day.

¢. Blood Analyses

The hematology results of male control rats and male rats fad
the various amounts of 2,4-DNT are summarized in Tables 24 through 27. There
were a number of statistically significant fluctuations in the control male
rats during the experimental period of 13 weeks (Table 24). These &re within
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normal limits. At 17 weeks, the erythrocyte, platelet and leukocyte counts
of these control males decreased with increases in various blood i. iices.
Similer effects were also apparent in the treated groups. The results from
male rats receiving 0.07% or 0.2% 2,4-DNT in the feed were substantially
similar to those of the control males (Tables 25 and 26). 1In addition,
there was occasional and slight reticulocytosis. aic fourth week, male rats re-
ceiving 0.7% 2,4-DNT had decreased erythrocyte count with a8 compensatory
reticulocytosis, increased cell volume, and increased cell hemoglobin
concentration (Table 27). These effects and a later decrease in hematocrit
and hemoglobin concentration continued throughout the treatment ag the
anemia worsened. After 13 weeks of treatment and 4 weeks of recovery, the
surviving males had returned to the same level as the controls. There were
fluctuations in platelet and leucocyte counts; but these changes were not
consistent.

’ The clinical blood chemistry results from male rats terminated
aftér treatment or after treatment plus recovery for 4 weeks are shown in
Tables 28 and 29, respectively. There were no apparent and consistent
changes. High values of fasting blood glucose of the control and treated
male rats suggest that these rats were not fasted.

The hematology results of the female control rats and rats
fed various levels of 2,4-DNT are summarized in Tables 30 through 33,
respectively. As seen in the male control rats, the control females had a
number of statistically significant fluctuations during the first 13 weeks
and a number of changes at week 17 (Teble 30). Similarly, the results from
female rats receiving 0.07% or 0.27 2,4-DNT in the feed were essentially
the same as those of the control females (Tables 31 and 32). Occasional
and slight reticulocytosis also occurred. The two rats receiving 0.77% of
2,4-DNT which survived for 4 weeks of treatment had decreased erythrocyte
count, hematocrit and hemoglobin concentration with compensatory reticulo-
cytosis (Table 33).

The clinical blood chemistry results from female rats ter-
minated after treatment or after treatment plus recovery for 4 weeks are
shown in Tables 34 and 35, respectively. As fcr the male rats, there were
no consistent changes. High values of fasting blood glucose of the control
and treated female rats suggest that these rats were not fasted.

The results of serum electrolytes of rats terminated at various

times are shown in Table 36. Occasionally, there was some statistical sig-
nificance. However, the values fluctuated within normal limits.

38




&Vl AR N -

d. Organ Weights

The organ wefghts of the rats fed 2,4-DNT for 4 or 13 weeks
and for 4 or 13 weeks plus 4 weeks recovery are summarized in Tables 37
through 40, respectively. After 4 weeks, the livers of males fed the middle
level and females fed the low and high levels were enlarged. The kidneys
and hearts of high level maies were small, but this was proportional to
their smaller body weight. After 13 weeks, based on the body weight, the
relative liver, kidney and brain weights of males fed the middle dose and
the relative kidney and brain weights of females fed the middle dose were
enlarged. The relative weights of these organs of one male fed the high
level were also enlarged. All females did not survive after 8 weeks. Based
on brain weight, the relative liver, spleen and heart of one male fed the
high level and the relative heart of females fed the middle level were smaller
than those of their respective controls. Results for rats allowed to re-
cover for 4 weeks showed partial recovery of body weight and similar variations
in various organ weights. The liver weights of treated rats after allowed
to recover for 4 weeks were elevated. 'his presumably reflects high meta-
bolic activity during the recovery process.

e. Gross and Microscopic Examination of Tissues

At autopsy, control rats and those receiving 0.07% or 0.2%
2.% 4T in the feed were in good nutritional condition with no gross lesions.
Rats fed 0.77 of 2,4-DNT had little body fat, reflecting their body weight
loss, but no gross lesions. Microscopic examination revealed a number of
lesions in rats from all groups. Because of the similarities between the
middle and low dosage groups, slides from the latter were scanned, but
not reported.

After 4 weeks of 2,4-DNT feeding, control rats had a few mild
lesions in th= lung or liver, as shown in Tables 41 and 42. The rats fed
7.4-7 .7 hao ilar lesions. There was hemosiderosis in the spleen, pre-
suwably dui to removal of methemoglobin from the circulation. 1In addition,
all males fed the high level of 2,4-DNT had moderate atrophy and aspermato-
genesis in the testes. The bone marrows and the M/E ratios of these rats
were normal.

when 2,4-DNT feeding is continued for 13 weeks, there are more
spcatanecus lesions in the heart, lung, liver, spleen and kidney of control
rats, as seen in Tables 43 and 44. The treated rats had similar lesions.
However, the hemosiderosis was more severe. The males fed 0.7% of 2,4-DNT
had very severe atrophy and aspermatogenesis in the testes. In these rats,
the testes were compoged of tubules ot epithelium with practically no germ
cells in any stage of spermatogenesis. Rats fed the wmiddle level had similar
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lesions, ranging in degree from moderate to very severe. One male rat fed
the high level also had gliosis in the cerebrum. The bone marrows and the
M/E ratios of these rats were normal. Hemosiderosis and the lesions in the
testes and brain were similar to those seen in the dogs treated with

2 ,4-DNT.

Tissue lesions in rats fed 2,4-DNT for 4 or 13 weeks and
allowed to recover for 4 weeks are shown in Tables 45 through 48. Hemosid-
erosis and testicular lesions caused by middle or high levels of 2,4-DNT
were apparently not reversible after treatment was discontinued for 4 weeks.
Gliosis and demyelination were also observed in the cerebellum of one male
rat fed the middle level and one male rat fed the high level of 2,4-DNT.
The M/E ratios of these rats were normal.

4. Discussion and Conclusions

The 2,4-DNT intake of the male rats fed the low, middle or high
level of 2,4~DNT averaged 34.3, 92.8, or 265.6 mg/kg/day, respectively. The
female rats consumed an average of 38.3, 108.3 or at least 145.2 mg/kg/day,
respectively. Since many female rats fed the high level of 2,4-DNT stopped
eating a few days before they died, the actual 2,4-DNT intake of these fe-
male rats would be much higher.

The low level of 2,4-DNT was relatively nontoxic, since the only
effect seen was a slight depression of weight gain. This depressed effect
of weight gain was accentuated in rats fed the middle level. 1In addition,
hemosiderosis appeared in the spleen of these rats after 4 v =eks with a
mild reticulocytosis. The 2,4-DNT presumably produced methemoglobin by the
well-known mechanism of nitro and amino compounds.i These cells break
down and the hemosiderin formed was deposited in the spleen. This resulted

in a slight anemia, which was compensated by increased erythrocyte production,

reflected in the reticulocytosis. At 13 weeks, there was a major decrease
or even complete cessation of spermatogenesis in the rats fed the middle
level of 2,4-DNT.

The rats fed the high level of 2,4-DNT had more severe effects
than the rats fed the middle level. There were severe weight losses in most
rats. Similar lesions in middle level rats appeared. The testicular lesions
were apparent by week 4; the rats were anemic by week 13, despite reticulo-
cytosis. 1In addition, there were some signs of a neuromuscular effect like
that seen in the dogs: wide spread and stiff hind legs, with gliosis and/or
demyelination in two rats. Finally, deaths occurred. Eight of the 16 males
on the high level and one on the middle level died before their scheduled
necropsy. The high level female rats were devastated with 10 of 16 dying
in the first 3 weeks of study. These deaths occurred so rapidly that tissue
lesions may not have developed enough to be visible on microscopic examina-
tion. Many of these deaths occurred at night and we were unable to obtain
useful blood and tissue samples for examination.
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During the recovery studies, the rats rapidly gained weight,
particularly the high level rats which were most affected. However, 4 weeks
was not sufficient for all the rats to catch up their weight with the con-
trols. The erythropoietic system did return the erythrocyte levels to those
seen in controls. The tissue lesions remained. The testicular degeneration
apparently continued to worsen during the recovery period. This was pre-
sumably the continuing development of a process initiated by 2,4-DNT. It
18 not apparent from these studies whether the rats can recover from this
destruction of the germ cells.

To summarize, rats fed 34.3 to 38.3 mg/kg/day of 2,4-DNT had a
decreased weight gain. Those fed 92.8 to 108.3 mg/kg/day had a greater de-
crease in weight gain, reticulocytosis, hemosiderosis in the spleen, and
decreased spermatogenesis. Rats fed 145.2 to 265.6 mg/kg/day had severe
weight loss, anemia with reticulocytosis, and a greater degree and more
rapid onset of splenic hemosiderosis and aspermatogenesis. Many of these
rats died, the females after treatment for 1 to 3 weeks, the males aftecr
4 to 13 weeks. Four weeks' recovery sufficed for large weight gains and
correction of the anemia, but did not eliminate the hemosiderosis and did
not lessen the aspermatogenesis. A few rats had episodes of wide spread
stiff-legged gait in the hind legs; some had mild to moderate gliosis and/or
demyelination.

B. Cytogenetic and Mutagenic Effects of 2,4-DNT

1. Introduction

The cytogenetic effect of 2,4-DNT on somatic cell chromcsomes was
determined by examination of lymphocyte and kidney cell cultures. The
capability of 2,4-DNT to induce single gene mutations was studied in Chinese
hamster ovary cells in vitro. The mutagenic effect was studied using the
dominant lethal mutation test to examine the effect of the testicular lesions
describe’ ubove.

2. Material and Methods

a. Animals

The rats used in these studies were those in the toxicity
studies described above or extra animals treated similarly. Some rats were
maintained on the diet countaining 2,4-DNT for 19 weeks. Extra control fe-
males were used in the dominant lethal mutation study.
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b. Cytogeuetic Tests

(1) Lymphocyte and Kidney Cultures

At the end of 5 and 13 weeks, blood samples were aseptically

drawn from the tail vein of both the control and treated rats. The lympho-
cytes were cultured by the method of Moorhead et al.10/ Kidney tissue samples
were removed at necropsy and cultured by the trypsinization method of
Fernandes.ll/ all cyltures were maintained in Eagle's medium as modified by
vogt and Dulbecco.la

(2) Chromosome Analysis

Actively dividing kidney cultures and phytohemagglutin-
stimulated lymphocytes were arrested in metaphase by short-term colchicine
treatment. The cells were trypsinized, swollen in hypotonic solution, and
processed for spreading on glass slides by the method of Moorhead and
Nowell.l3/ slides were stained with glemsa and scanned under low power
optics. Cell polyploidy was estimated by examination of 200 cells. Slides
showing minimum scattering of cells in wetaphase were selected for analysis
under oil immersion optics. Chromosomes were counted and morphological
aberrationswere examined from photographic negatives of up to 50 metaphase
cells.

€. Mutagenic Effects on CHO-Kl Cells In Vitro

Wild type Chinese hamester ovary cells (CHO-KI)lﬁ/ capable of
growth in both a minimal and an enriched medium were exposed to selected
concentrations of 2,4-DNT to test its ability to induce single gene mutations
in mammalian somatic cellis. The concentrations used were selected from a

single cell survival curve obtained according to the wmethod of Puck and Kao.lif

Potential mutants were isolated by the BUdR-visible light technigue aud con-
firmed by plating the cells in both media. A mutant was defined as having

the capability of growth only in the enriched medium and not in the minimal
medium. Mutagenesis was measured relative to the known mutagen ethy! mathane-
sulfonlte.lﬁ/

d. Dominant Lethal Mutation Test

Three groups of four or five male rats were fed standard
rodent feed or feed containing either 0.027% (low level) or 0.27%7 (high level)
of 2,4-DNT. The detailed procedures were the same as those described in
Sections II.A.2.b. and II.A.2.c. After 13 weeks of feeding, each mule was
mated with three females. The male was left overnight in a cage with two
females. Copulation was established by worning vaginal inspections for
sperm. Sperm-positive females were removed; thet day is considered day 0
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of gestation. An additional female was added to the cage with the male and
the procedure coatinued until each male had copulated with three females.
On day 13 of gestation, each female was killed and the uterus examined for
implantation sites, dead and viable fetuses, and resorptions. Data are
expressed as fertility index (confirmed pregnancies/sperm-positive females
x 100) and implant viability index (viable fetuses/total implants x 100).

3. Results

a. (Cytogenetic Tests

The results on numerical distribution of chromosomes in cultures
from rata fed 0.2% of 2,4-DNT are shown in Table 49. Treatment with 2,4-DNT
did not cause any significant changes in the chromosome frequency distribu-
tion or number of tetraploids in the peripheral lymphocyte cultures. Rats
fed 0.2% of 2,4-DNT in the diet for 5 or 13 weeks had increased numbers of
tetraploids in the kidney cultures. However, the incraases were not sta-
tistically significant when compared with those before treatmmnt.

The results on morphological aberrations of chromosomes in
these cultures are shown in Table 50. The peripheral lymphocytes sampled
at week 13 did not culture properly, additional rats were nampled after 19
veeks' treatment. The number of chromatid breaks and gaps in the lymphocyte
cultures were increased after treatment for 5 weeks, but this effect was
not statistically significant until sfter 19 weeks. There were significant
increases in the number of chromatid breaks and gaps in the kidney cultures
after treatment for 5 or 13 weeks. The number of breaks and gaps inc.eased
with the duration of treatment.

b. Mutagenic Effect In Vitro

The preliminary experiment found Lhe 1% and 5% cell survival
concentrations to be 193 and 155 ng/ml, respectively. Neither of these
concentrations cuused mutations, although coamparable concentrations of the
known mutagen ethyl wethanesulfonate did cause wutations.

¢. Dominant Lethal Mutation Test

The fertility and !mplant viability indexes are s:amarized
in Table 51. Rats fed 0.02% of 2,4-DNT for 13 weeks had reduced fertility
and implant viability indexes, but the results were not statistically sig-
nificant. Rats fed 0.2% of 2,4-DNT had significantly reducoed fertility
indexes. There were no viable fetuses and the implant viability index was -

zero.
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4. Discussion and Conclusions

Feeding 0.2X of 2,4-DNT was toxic to chromosomes in vivo, as in-
dicated by the increased chromatid breaks and gaps in the peripharal lympho-
cyte or kidney cultures. It is not known if this is the effect of 2,4-DNT
itself, its metadolite(s) or combinations of both. Rats convertad part of
the ingested compound into 2,4-diaminotoluene as discussed below. This com-
pound is a suspected carcinogenll’ and likely will affect the reproduccive
material of the cell.

The in vitro addition of 2,4-DNT at cytotoxic levels to cultures
of Chinese hamster ovary cells did not induce mutations.

Rats fed 0.22 of 2,4-"WT in the diet showed an apparent dominant
lethal effect. As found in Section A, toxic levels cf 2,4-DNT caused severe
testicular lesions and aspermatogenesis. Thus, 2,4-DNT may have reduced the
number of sperm and rendered the rats sterile. I: may also have produced
mutations which failed to implant or caused the resorption of implants. Or
2,4-DNT may have produced both of these effects resulting in a few nen-viable
fertilized ova. Further testing is required to separate the toxic effect on
spermatogenesis from a possible dominant lethal mutation effect.

C. Immunologic Response to 2,4-DNT

1. Introduction
Immunoglobin E (IgE), the allergic or hg?ersensitive antibody was
associated with anaphylactic reactions in humans.2’ Serum concentrations of

IgE of rats treated with 2,4-DNT were determined.

2. Material and Merhods

As described for dogs in Section I.B.2.,, the immunodiffusion tech-
nique of Mancini¥/ was used to determine the serum IgE levels of rats fed
varlous amounts of 2,4-DNT. The terminal blood samples from the toxicity
test, Section II.A., were used.

3. Result and Conclusion

Serum concentrations of IgRE on control rats and rats fed 0.27% or
0.72 of 2,4~DNT are summarized in Table 52. There were wide variations in
the serum concentrations of IgE. 2,4-DNT even at lethal lsvel of 0.7% in
the feed did not alter the serum concentration of IgE.
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D. Summary

The low dose of 2,4-DNT (intake of 34 mg/kg/day in maies and 38 mg/
kg/day in females) was siightly toxic, causing only a slight depression in
weight gain. The middle dose (93 and 108 mg/kg/uay, respectively) was more
toxic and the high dose (266 and 145 mg/kg/day) was lethal to over half the
rats. Target organs included the neuromuscular system (abnormal gait, gli-
osis and/or demyelination in the central nervous system), erythrocytes (met-
hemoglobin and sequelae, including anemia and hemosiderosis) and testes (de-
pressed spermatogenesis). Partial recovery occurred 4 weeks after cessation
of treatement.

Rats fed the middle dose for 13 weeks had an increased number of
chromatid breaks and gaps, but no serious aberrations. No matagenic effect
was seen in Chinese hamters ovary cell cultures. In a dominant lethal muta-
tion study, the males fed the middle dose for 13 weeks were sterile. There
was no effect of 2,4-DNT on serum IgE.
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TABLE 20 1
BODY WEIGHTS OF MALE RATS FED 2,4-DNT =X
3
% 2,4-DNT Body Weights (gg)%l
in Feed Initial 4 Weeks 8 Weeks 13 Weeks 17 Weeks
r 0 413 L 18 446 % 264
= 0.07 418 £ 13 413 2 15 | ]
; 0.2 413 29 614 % 12 i
= 0.7 470 = 9 226/ o
f o 395 £ 29 465 = 348/ 528 x 40 g i
:3 0.07 413 £ 13 455 % 168/ 525 % 19 B
] 0.2 406 = 30 435 = 338/ 496 = 50 &
: 0.7 439 1. 289 =48/ 396 = 6 .
¥ .
0 411 = 16 475 & 25 522 % 30 531 = 31 n
: 0.07 39 4 4305 448 £ 11 401 % B f
& 0.2 419 = 15 437 = 16 429 = 14 396 = 26 C
0.7 414 = 8 269 & 12 2504/ 2384/ S
b P
{ v 404 + 21 468 £ 21 503 £ 24 560 ~ 198/ 583 x 31 i
1 0.07 418 3 452 =3 458 = 6 481 = 6¢/ 506 * 10 =
j 0.2 419 & 14 442 % 16 418 L 14 418 & 178/ 422 + 208/ |
i 0.7 4ok 5. 18 334 %7 252 & 5&/ 3058/ 3688/ !
,g !
S — !
{ g/ Mear » . .E. of four rats, unless otaerwise notad. ﬁ
§ b/ Average of twe rats; two other rats died in week 4. AU
i ) ¢/ 2,4~DNT in feed discontinued thereafter. o
4 : d/ Opne raci three othar rats died in weeks 6, 7 and 8, respectively. o
: e/ Three rats: one other rat died in week 14. S i
. £ 7Three rats; one «thai rafr died ir week 8. Co
@ g/ One rat; two other r.is died iIn - ecks 12 and 13. B
9 , 3
? P
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|
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b TABLE 21

BODY WEIGHTS OF FEMALE RATS FED 2,4-DNT

—

: % 2,4~INT Body Weights (gm)a/ 3
E in Feed Initial 4 Weeks 8 Weeks 13 Weeks 17 Weeks :
; :
0 270+ 8 258 £ 9 i
b 0.07 249 % 2 24 46 '
; 0.2 258 +8 256 % 3
0.7 277 %9 197 £ 12
b 0 291 £ 15 292 8%/ 323 =18 f
: 0.07 268 x5 271 4B/ 291 %+ 6
1 0.2 268 x5 255 x 120/ 282 % 9 ¢
! 0.7 286 £ 4 205208/ 2708/ j
-4
; 0 281 £ 10 278 £ 13 310 £ 12 302 = 16 a
0.07 272 = 13 286 * 12 285 = 12 265 £ 15 [
0.2 264 x &4 267 % 4 266 = 4 243 1 5 -
b 0.7 281 + 6 a/ 4/ d/ ;
E 0 255 £ 5 270 £ 8 280 £8 303 =112/ 307 10 !
, 0.07 261 £5 262 9 265 £ 3 270 & 40/ 222 &7 o
; 0.2 275 =8 2713 % 3 269 4 274 £ 42 275 17 |
; 0.7 271 = 8 e/ &/ LY e/ !

a/ Mean + S.E. of four rats, unless otherwise noted.

) b/ 2,4-DNT in feed dlscontinued thereafter.

y , ¢/ Two rats; two other rats died in week 1 and week 2. ;

E d/ Two rats died in week 1, one in week 2, one in week 3. :
e

/ One rat died in week 1, two in week 2, one in week 3.

AT =
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TABLE 22
AVERAGE FEED CONSUMPTION (gm/rat/day)
OF RATS FED 2,4-DNT
E
3 % 2,4-DNT Males
F in Feed ~ 1-43/  5-8 9-13 14-1iTR
3 0 24,2 24.4 24,4 23,
; 0.07 22,8 21,7 20.3 23.2
‘ 0.2 21,5 18.2 19.2 25.4
3 0.7 10,2 9.9 11.6 24.7
% 2,4~DRT Females
An Feed  1-4 3-8 2-13  l4-17
z 0 15.6  19.4 16.1 14.7
g 0.07 14.2 15.6 14.6 15.0
5 0.2 15.6  13.1 14.4 15.4
i 0.7 5.0 - “ --
b
% al/ Veeks.
; b/ Recovery period; all rats fed contrnl feed.
é
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AVERAGE 2,4-DNT INTAKE da

OF RATS DURING TREATMENT

% 2,4-DRT
ir Feed

(o I = =]
NN O

% 2,4-DNT
in Feed

o 0o
-
~ N O

a/ Weeks.

TABLE 23

Males
1-48/ 5-8 9-13 1-13
37.6 34.0 31.8 3%.3
101.7 84.3 92.5 92.8
191.4 226.5 292.1  265.6
Femaleg
1-4 5-8 9-13 1-12
37.7 39.7 37.6 38.3
117.7 97.4 109.5  108.3
145.2 - - 145.2
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TABLE 28

CLINICAL BLOOD CHEMISTRY DATA OF MALE CONTROL RATS
AND PATS FED 2,4-DNT FOR 4 OR 13 WEEKS

Fed for 4 Weeks

Controld/ 0,77 DNTa/
Glucose (fasting), mg % 96.0 + 12.5 84.0 + 5.3
SGOT, IU/L 146.0 + 16.5 141.5 + 12.0
SGPT, IU/L 28.8+ 0.8 51.8 + 13.1
Alk. Phos., IU/L 56.0 + 5.5 60.0 + 6.5
BUN, mg 7% 15.5 + 0.5 18.0 + 1.3

Fed for 13 Weeks

Contro18/ 0.27% DNT2/  0,7% DNTB/
Glucose (fasting), mg % 120.5 + 6.7 136.0 + 5.0 145.0
SGOT, IU/L 72.5+ 5.1  74.0 + 3.2 68.0
SGPT, IU/L 25.8 + 2.8 33.3 + 2.3 21.0
Alk. Phos., IU/L 46.8 + 4.5 68.3 + 9.0 52.0
BUN, mg 7% 17.3 + 0.6  18.5 + 2.4 30.0
a/ Mean + standard error of four rats.
b/ Mean of two rats.
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TABLE

29

CLINICAL BLOOD CHEMISTRY DATA OF MALE CONTROL KATS AND RATS
FED 2,4-DNT FOR 4 OR 13 WERKS AND ALLOWED TO RECOVER & WEEKS

Fad for 4 Yeeks and
Allowed to Recover 4 Weeks
Controld/ 0.7% DNTR/
L Glucose (fasting), mg %  129.7 + 5.2 153.8 + 11.3
: $GOT, IU/L 97.7 + 10.7 69.5 + 3.8d/
SGPT, IU/L 2.3 + 2.3 30.0 + 2.4
Alk, Phos., UL/L 70.7 + 1.9 72,5+ 2.6

Fed for 13 Weeks
1 ar.d Allowed to Recov::r 4 Weeks

a/ Mean + standard error of three rats,
b/ Mean + standard error of four rats.

¢/ One rat.

é Controll’ 0.27 DNT&/  0.7% DNTS/
Glucose (fasting), mg % 164.5 + 8.2 231.7 + 11.5¢/  210.0

‘ SGOT, IU/L 70.3+ 9.2 0.7+ 3.8 99.0

' SGET, IU/L 3%.0+ 2.1 42.0% 2.6 65.0

g Alk. Phoe., TU/L 9.3+ 1.5 69.0+ 8.0 3.0

i BUN, mg % 17.5+ 1.0 21.7 + 1.7 25.0

d/ Significantly different from the control grcap (Student’'s t test).
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et o

DOSE: 0.7% {BsN) BASELINE
(TeiN) TREATMENT
N = NUMBER OF RATS

WKS 0 (By &) WKS & (Ty 2)
ERYTHROCYTES (xlobmn3) 6.78 & .16 5.568/
RETICULOCYTESs % 1e6l & oa3 6.13
HEMATOCRITs VOL. % a7.8 2 1.1 s1.0%
HEMOGLOBINs GM, % 16,0 &~ .3 13.7%
MCVe CUBIC MICRONS 70.6 & 2.6 74.38/
MCHB. MICRO MICROGMS. = 23.7 & .7 26.7Y
MCHBC» GM % | 33.6 ¢ .3 33.3
S 3 1:
PLATELETS (X10 /MM ) 5.9 2 .3 5.5
LEUKOCYTES (xloamnar 18.5 ¢ 2.5 16.5
NEUTROPHILS+ % 8.5 & 1.7 8.08/
LYMPHGCYTESs % 89.5 & 2.7 91.5%
BANDS+ % 0.0 &£ 0.0 0.0
EOSINOPHILS+ % 1.5 £ 9 0.0%
BASOPHILS. % 0.0 £ 0.0 0.0
MONOCYTES, = S W3 .5
ATYPIC:’@*‘ 0.0 & 0.0 0.0
NUCLEATED &5 Ly 0.0 &+ 0.0 0.0

ENTRIES ARE MEAN + STANDARD ERROR OR MEAN.

a8/ Significaiu:ly different from the control rz;s at the raspective time interval
(Dunnett's multiple comparison procedure— ).
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TABLE 34 3
CLINICAL BLOOD CHEMISTRY DATA OF FEMALE CONTROL RATS
AND RATS FED 2,4-DNT FOR 4 OR 13 WEEKS
Fed for 4 Weeks '
Controld/ 0.7% in Feedh/ . &
Glucose (fasting), mg % 96.0 + 5.6 101.0 - i
sGoT, IU/L 93.3 + 6.2 79.5 1
SGPT, IU/L 24.3 + 1.4 37.0 !
Alx, Phos., 1U/L 33.0 + 2.0 37.0
BUN, mg 7 17.5 + 0.6 17.5 3
|
Fed for 13 Raeks ;
Controla’ 0.2% in Feed®/ ;
]
Glucose (fasting), mg % 129.0 + 9.0 138.3 + 6.2 y
£60T, IU/L 103.5 + 14.7 81.0 + 12,1
£GPT, TU/L 35.5 + 2.9 29.3 % 2.1 a
Alk. Phos., IG/L 23.8+ 1.8 3.5+ 6,78
BUK, mg % 17.3 + 1.3 19.0 + 0.6
‘ a/ Mean + standard ercor of four rets.
b/ Mean of two ruts.
¢/ Significantly different from the control group (Student's t test). __
S |
1 :
1 e
|
]
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TABLE 35

CLINICAL BLOOC CHEMISTRY DATA OF FEMALE CONTROL RATS ;f
AND RATS FED 2,4-DNT FOR & OR 13 WEEKS AND ALLOWED Y0 RECOVER & WEEKS §
r
;

Fed for 4 Weeks &nd !

{ : Alloyed to Recover 4 Weeks |
: ‘ Control 0.7% in Feodb/ 5 %
3 : q
Glucose (fasting), mg % 165.0 + 8.1 181.0 %
SGOT, IU/L 110.5 + 10.3 74.0 K
i SGPT, IU/L 42,5+ 7.0 24.0
,_ Slk. Phos., IU/L 59.0 + 2.1 49.0 ;
¢ BUN, mg 7 19.5 + 0.6 19.5 !
;
i Fed for 13 Weeks and B
Allowed to Recover 4 Weeks !
a Controid/ 0.2% in Feed8/ :
: Glucose (fasting), mg %  166.0 + 5.9 181.0 + 13.6 :
: SGOT, IU/L 57.0 + 6.1 65.5 + 3.6 i
SGPT, IU/L 29.3 + 2.1 25.3+ 1.7
! Alk. Phos., IU/L 30.0 + 5.5 26.5+ 6.0 {
BUN, mg % 20.5 + 2.0 21.0 + 1.9
%
a/ Mean + standard error of four rats. ;
b/ Mean of two r. ts.
-e
n )
E. k
3 \\
3 3
;
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1 TABLE 36
3 : J
SERUM ELECTROLYTES OF RATS FED 2,4-DNT {
. 2,4-DNT A
] in Feed Serum Electrolytes {meq/g a/ , i
: (%) Sex Na K Ca ug C:i ;
3 , B
k‘v v o H )
r Fed for 4 Weeks oL
o 0 Male 152+2 6.3=z0.2 52%01 2.3%+0.2 1000 ;o
] 0 Female 148 £ 2 5.2+ 0.2 4.9% 0.1 2,1+ 0.1 103% 1 o
’ 0.7 Male 147+ 02 6.5t 0.4 5.2+ 0.2 2.7%0.2 100% l i
0.7  remaled 149 5.1 5.0 2.2 103 X
x 1
[
? i Fed for 13 Wezks f i
3 0 Male 145+ 1 5.0%0.2 S.4% 0.7 1.6+ 0.1 98¢ 1 !
0 Female 146+ 1 5.3t 0,3 5.6%¥ 0.1 1.8%0.i 101%1 b
b 0.2 Male 158 + 12/ 5.3+ 0.1 5.2% O.Iy 1.8+ 0.2 101+ 2 ! ;
t 0.2  Female 152% 22/ 4.3+ 0.1 4.9%0.1¥ 1.9%0.1 9622 :
1 0.7  Male®/ 6 5.5 4.9 2.4 105
Fed_for 4 Weeks and Allowsd to Recover for 4 Weeks i
IR
0 1e/  i5i+2 6.1% 0.3 5.5% 0.1 2,24 9.2 10232 i
0 Femaie 150 = 2 5.1+ 6,3 5.5+ 0.1 2.5+ 0.2 101 0 :
0.7 Male 48 + 1 5.9+ G.2 5.5% 0.1 2,04 0,2 1021 - 3
0.7 Femaled/ 150 4.9 5.6 2.1 102 1
Fed for 13 Weeks and Allowed to Recover for 4 Weeks
4] Male 147 + 0 4,9+ 0.2 5.2 ¢ 0.1 i.9 4+ 0.1 102 ¢ 2
0 Fanai? 144 £ b/ 4.6 + 0.3 5.2 0.0b/ 2.0+ 0.0 102 2
0.2 MaleS 150+ 12 4,74 0.2 5.8x 01> 2.0%20.1 97¢+1
0.2 Fems | 145 t 2 4,2+ 0.2 5.5% 0.2 1.9+ 0.2 100 3
0.7 ua1e9-7 145 5.3 5.6 2.2 99
a/ Mean 1 standard error of four rats, unless stated stherwise.
b/ SignificantLy different from coatrol (Student 8 t test).
¢/ Mean + standerd erxor ol three rats.
d/ Mean of two rats.
e/ One rat.
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Sex

Maie

Female

Male

Female

% 2,4-DRT

in Feed

0.00
~N N O

0
.07

.2
7¢/

cCCco

Terminal

Welght (gs)

4464232/
413215
416212
32922/

25829
24416

2563
212¢13%/

TABLE 37

Absolute Oxgan Weights

a/ Mean 3 standard error of four rats.
b/ Significantly different from the control rats {Dunnett's multiple

¢/ Two rats.

comparison proceldure -‘!/) .

63

ABSOLUTE AND RELATIVE ORGAN WEIGHTS OF RATS FED 2,4-DNT RuB 4 WEEKS

Heart

1.3540.10
1.17%0.08
1.30t0,05

0.99+0. 032/

0.80%0.09
0.85%0.17
0.79+0.04
0.63%0.07

Heart

0.30£0.01
0.28+0.01
C.31%0.01
C.30:0.01

0.31%0.03
0.3520.96
0.31x0.01
0.29%0.02

Liver Spleen Kidneys
13.5¢1.1  0.72£0.08 3.20£0.14
14.4£0.9  0.99+0.08 3.06€x0.17
19.140.8% 0.76:0.06 2.91#0.18
12.1+0.9 0.74%0.09 2,4940.1
7.6£0.4  0.54+0.04 1.650,05
10.7£0.5%/ 0.54£0.05 1.75%0.05
9.240.6  0.42+0.08 1.62£0.14
10.4%0.8% 0.38%0.13 1.52%0.13
Relative Orgap Weights (gm/100 gm Body Weight)
Liver Spleen Kidnevs
3.0:0.2  0,16:0.C2 0.72:0.04
3.5¢0.1  0.24%0.012/0.74£0,02
4.6£0.2%/ 0.18tC.01 0.70£0.03
3.740.3  0.22£0.03 0.76£0.05
3.0£0.1  0.21£0.01 0.64£0,04
4.440.2% 0.22¢9.02 0.72:0.03
3.6¢0.2  0.17+0.03 0.64£0,05
4.9¢0.1%/ 0.174£0.05 0.73:0.10
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TABLE 39

ABSOLUTE AND RELATIVE ORGAN WEIGHTS OF RATS FED 2,4-DNT FOR 4 WEEKS AND
ALLOWED TO RECOVER FOR 4 WEEKS

e eET—— T TR YT T,

;
4
»

% 2,4-DNT Terminal Absolute Organ Weights (gm)
Sex in Feed . Weight (gm) Liver Spleen Kidneys Heart
Male 0 5281405/ 16.5¢3.7 0.68+0.15 3.53+0.26 1.00+0.11
0.07 525¢12 21.1¢1,7 0.92+0.05 3,00+0.04 1.05¢0.03
0.2 496153/ 21.7+3.1 0.55%0.16 3.104£0.20 1.27%0.21
0.7 396+ 6~ 20.0%0.3 0.92+0.11 3.00+40,27 1.17#0,w6
Female 0 323418 10.9+0.7 0.52£0.08 2.434#0,20 0.85%0.05
0.07 28816 10.6+0.5 0.55+40.18 2,03+0.06 0.82+0.03
0.2 28249 9.7+0.7 0.37+0.11 1.33:0.172/ 0.85+0.05
0.78/ 2674 15.4+3.9 0.35t0.05 1.95%0.05 0.90+0.10
Relative Organ Weigh:s (gm/100 gm Body Weight)
Liver Spleen Kidneys Heart
Male 0 3.1%0.6 0.14+0.04 0.6740.05 0.19%0.01
0.07 4,0+0.2 0.18+0.01 0.57+0,02 0.20+0.00
0.2 4.3+0.4 0.11+0.02 0.63+0.03 0.27£0.06
0.7 5.120.02/ 0,23+0.03 0.76£0.06  0.30£0.02 -
Female 0 3.4£0.2 0.16£0.02 0.77+0.09 0.27+£0.02
0.07 3.7¢0.1 0,19£0.07 0.70£0.03 0.29£0.01
8.2 3.420.2 0.13£0.04 0.47+0.052/ 0.30£0.01
0.7¢/ 5 811.5-‘1/ 0.13%0.02 0.7340.03 0.34+0.03

a/ Mean + standard error of four rats,
b/ significantly different from the control rats (Dunnett's multiple

comparison procedure -l!/) .

</ Two rats,
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TABLE

44

SUMMARY OF TISSUE LESIONS OF FEMALE RATS FED 2,4-DNT FOR 13 WEEKS

Dose in feed)
a/ — 0 0.2

Lesions Rat No.: 205 206 207 208 | 2355 256 257 258
Heart
- Mygcarditis _ _ _ _ _ o __ e e = . . S S
Lung
- Lymohojid hyperplasia _ _ _ _ Y e e L - —— - r .
Liver
— Subagute ipflagmption  _ _ _* _ _ _ __ _ _ _ L o e e e — - _
Kidney
~Albumipnoid  _ _ L _____C -
Spleen

Hemosiderosis +H+ + + + ++ + - -+
—. Extramedullary hematopoiesis  _ _ _ _ _ _ _ _ I,
Bone Marrow
~WEzxatio _ _ _ _ _ _ ____ 1.5_ 1.4 _1.7_1.6) 1.6 1.7 1.5 1.6

Tissues not listed were normal,

a/ Severity of Lesions: + = mild; ++ = moderate; ++ = severe;

+++ = very severe; + = questionable.
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TABLE 46

: SIMMARY OF TISSUE LESIONS IN FEMALE RATS FED 2,4-DNT FOR 4 WEEKS
AND ALLOWED TO RECOVER FOR 4 WEEKS

Dose (% in feed)

0 0.2 0.7
E Lesions®’  Rat No.: 209 210 211 212 | 259 260 261 262 | 297 298
.i
| Heart
_Myocarditls _ _ _ _ ___._____ Fo o _ | S
Lung
i — Lymsphoid hype-plasia _ ++ _ _ _ +_ _ _ | ____ _____ S (T S
l Liver
é Subacute inflanaation +
; _ Hepatic cell vscrosis _ _ _ _ __ _ ___ d-r x4 ____
.i' Kiduney
_ Interstitial mephritis _ _ _ __ _ __ _ {_*+__ ______ l_____
_t Spleen
— Hemosiderosis _ _ _ _ _ _ o AN B A a g o S = S SN R SR
f Bone Marrow
L —WEgxetio _ _ _ __ __Ll& 1.6 1.5 1,30 1.7 1.6 1.5 1.7 | 1.4 1.5

Tissues not listed were novmal,
+ = mild; ++ = moderate; ++ = gsevere; ++++ =
very severe; + = questionable.

a/ Severity of Lesions:

H
g
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TABLE 47
3 SUMMARY OF TISSUE LESIONS IN MALE RATS FED 2,4-DNT FOR 13 WEEKS
{ AND ALLOWED TO RECOVER FOR & WEFKS
Dose (% in Ffeed)
3 a/ 0 0.2 0.7
Lesions Ret No.: 101 102 103 104} 151 152 153 177
Heart
, _Myocarditis _ _ _ _ _ _ _ _______ t___ o _w_m d w
f Lungs
‘; Lymphoid hyperplasis + + o+ + o+
E _ Pneumonitis _ _ _ _ _ _ _ e B IO . 3 O o
: Liver
| Subacute inflammation + + +
| Vacuolated hepatocytes +H+  H ++
| — _ {degemeration)  _ _ _ _ _ _ ___ ______L_______ do__
! Cerebellum
| Gliosis + +
! - Demyelinmation _ _ _ _ _ _ _ _ __ _ __ L _ | _____ A .
; Spleen
— Hemogiderosis _ _ _ _ _ _ e S SO - o . o (G
Kidney
Albuminoid + ++ + + +
Glomerulonephritis +
Casts +
______________ ~——..-——..———_j—..—__.__— - - -
Pancreas
- Hemosiderotic cell inclusions _ _ _ _ _ _ _ __| _ A . S (R
Testes
1 Atrophy - |
] _ Aspermatogenesis_ _ _ _ _ _ _ __ _____ __}| HoHE b b | e
Bone Marrow
_WEratle _ _ _ _ ____ __ 1.6_ 1.5 1.4 17| 1.6 _1.8_1.5 | 1.4

Tissues not listed were normal.
a/ Severity of lLesions: + = mild, ++ = moderate, +++ = severe; +H++ =

P very severe; + = questionable.
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TABLE 48

SUMNMARY OF TISSUE LESIONS IN FEMALE RATS FED 2,4-DNT FOR 13

WEEKS AND ALLOWED TO RECOVER FOR 4 WEEKS

Nose (% in feed)
0 0.2
og ions— Rat No.: 201 202 203 204 251 252 2

-+ e —

Heart

e e e o = e e -

— e erm am e epy mw e W e e e ot B e e emm me e e ame e e

Liver
Subacute inflammation +

Spleen
Hemosiderosis + + + + +

Tubular coagulation
necrosis +

- R e wa e W e CEn M S Gen e W e e e S e S A e mE -

Pancreas
Necrosis + +

Tissues no¢ listed were normal.
a/ Scverity of Lesions: + - mild; ++ = moderate; ++ = severe;
+H+ = vory severe; + = questionable.
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i» TABLE 49
N NUMERICAL DISTRIBUTION OF CHROMOSOMES
i “- FROM RATS FED 0,2% OF 2,4-DNT
/ No. of Chromosome Frequency Tetraploids
Treatmenbg Rats S0 41 42 43 H44 per 100 Cells
Control
Lympliocyte 4 / 5 40 2 o 0.26 *0.158/
: Kidney 4 4 5 39 2 0  0.48 £0.18
1
E 2,4-DNT for 5 weeks
!
4 Lymphocyte 4 2 4 42 2 9 0.25 % 0.15
‘ Fidney 3 4 4 41 1 0 0.83 % 9,60
% 2,4-DNT for 13 weeks
Kidney 3 4 4 40 2 O 2.17 £0.72
¥
§ 2,4-DNT for 19 weeks
[
E Lymphocyte 4 6 5 37 2 0 0.50 £ 0.35

a/ Neo lymphocyte cultures were obtained from rats fed the diet for 13
weeks; however, rats were bled again at 19 weeks and the lymphocyte
cultures were examined.

b/ Mean.

c/ Mean * S.E.
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i TABLE 51
; ]
3 DOMINANT LETHAL EFFECTS 1IN RATS FED ;
F 2 4—DNT FOR 13 WEEKS |
: Implant Viability i
E Treatment No. of Males Fertility Indexﬂl Indexd/ 1
| ]
Control 4 9z + 8¢/ 92 + 1 !

2,4-DNT 4 67 t 14 62 + 24 !

5 (0.02%)
;,j
- 2,4-DNT 5 20 + 139/ od/
;; (0.20%) ;
|
i 8/ Confirmed pregnancies/sperm positive females x 100, ]
i b/ Viable fetuses/implants x 100, ;
| ¢/ Mean % S.E. i ‘
' d/ significantly different from the control (Student's t test). ;
; P
]
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Figure 1 - Rody Weights of Rats Fed Various Levels of 2,4-DNT
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III. MICE

A. Subacute and Subchronic Toxicities and Reversibility

1. Introduction

As for the dogs and mice, these studies were performed to define
the nature and extent of effects of 2,4~-DNT on the bionlogical system at the
biochemical and cellular levels and to elucidate the dose-response relation-
ship in the mice fed 2,4-DNT for 4 and 13 weeks. The reversibility of
adverse effects was also studied in mice after the feeding of 2,4-DNT was
discontinued for 4 weeks.

2. Material and Methods

The basic design and procedure for these experiments in mice were
similar to those described for rats in Section I1I,A.2. with the following
exceptions:

(a) A total of 64 male and 64 female young healthy albino Swiss
mice {National Laboratory Animals, O'Fallon, Missouri) were used for this
study. They were divided into four groups, each consisting of 16 males
and 16 females. The average welighte of all groups were kept close. Three
groups of mice were fed 0.07, 0.2, or 0.7% of 2,4-DNT, in powdered standard
rodent chow (Wayne Laboratory Meal). The fourth group served as controls and
were given the powdered standard rodent chow.

(t) Mice were kept in a separate room of our rodent quarters.
They were housed four per plastic cage with filter tops.

(c) Blood samples were collected by heart puncture under ether
anesthesia at termination for hematclogy. Clinical blood chemistry tests
in wmice were not performed.

3. Results

a. General Obgservations and Weight Gain

The control mice and mice fed low (0.07%) and middle (0.27%)
levels of 2,4-DNT were healthy. They maintained their weight or gained
slightly. These data are listed in Tables 53 and 54 and shown graphically
in Figure 2. Mice fed the high level (0.7%) of 2,4-DNT lost weight. During
the recovery period, most of these mice regained the weight they had lost.
Five deaths occurred: one low dosage male died during week 11, two high

83

ks bhns ot i b et e

e bt e e L




SRR T VETEEEEST W O T TR OO W TR TR TR O TTE R TR TR R T TRt v T AR T Y W

dosage malas died in week 5; one had just entered the recovery period, the
other was continuing on study; one high dosage female died in week 7; and
one high dosage male died in week 10. None of the mice had any obvious
signs of morbidity.

b. Feed Consumption and 2,4-DNT Intake

Feed consumption of t e mice fed 2,4-DNT is summarized in
Table 55. Mice fed the high level ate less, as reflected in their weight
loss. The other groups consumed comparable amounts throughout the experi-
ment:.

Intake of 2,4-DNT is summarized in Table 56. The 2,4-DNT
intake of the male mice fed 3.07, 0,02 or 0.7% fluctuated slightly and averaged
47, 137, and 413 mg/kg/day, respectively. Similarly, intake of the females
averaged 52, 147, and 468 mg/kg/day, respectively.

c. Blood Analysis

The hematology results of the control males and males fed
various levels of 2,4-DNT for 4 or 13 weeks, with and without re:overy, are
shown in Tables 57 through 60. Results for females are shown in Tables 61
through 64.

The various peripheral blood elements of mice fed the low or
middla level of 2,4-DNT were not apparently altered. When compared with the
respective controls, there were occasional differences at the various time
intervals. However, thece differences were slight and were inconsiastent.
Mice fed the high level of 2,4-DNT for 13 weeks had significant decreases
in hematocrit and/or hemoglobin concentrations when compared with those of
the controls (Tables 58 and 62). 1In addition, there was a compensatory in-
crease in reticulocyte count, although the increase was not statistically
significant., The middle dosage males (Table 58) had lesser effects and the

~changes werc not statistlcally signjficant. After allowed to iecover for

4 weeks, these blood elements recovered and the differences disappeared
{Tables 60 and 64).

d. Organ Weights

The various organ weights of the mice fed various levels of
2,4-DNT for 13 weeks, or for 4 or 13 weeks and allowed to recover for &4
weeks, are shown in Tables 65, 66, and 67. There were occasional increases
in kidney, liver, or brain weight, or occasional decrease or incrcase in
spleen weight when compared with those of the respective controls. The
differences were slight and the changes were inconsistent.
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e. Gross and Microscopic Examination of ‘Tissues

At necropsy, the control mice and mice fed 0.07 or 0.2% of
2,4-DNT were in good nutritional condition. Most mice fed 0.7% of 2,4-DNT
for 4 or 13 weeks had little, if any, body fat. When 2,4-DNT in feed was
discontinued for 4 waeks, the condition of wost mice recovered.

After 4 weeks of feeding, there were a number of mild tissue
lesions in mules and females, as shown in Tables 68 and 69, respectively.
Spontaneous lesions included interstitial nephritis, hematopoiesis in the
spleen, myocarditis and focal necrosis in the liver. Two of the males fed
the high level of 2,4-DNT had mild depression on spermatogenesis.

Control mice and mice fed 2,4-DNT for 13 weeks had a few
additional spontaneous lesions, including lymphoid hyperplasia and pneumonia
in the lung and subacute inflammation in the liver and kidney as shown in
Tables 70 and 71. There were no apparent 2,4-DNT-induced lesions in the
testes or other organs.

Control mice and mice fed 2,4-DNT for 4 or 13 weeks and allowed
to recover for 4 weeks also had & variety of spontaneous lesions, as shown
in Tables 72 through 75. In addition, male and female mice in the latter
group fed the high level of 2,4-DNT had a number of liver lesions, including
inclusion bodies, cytomegaly and pigmented Kupffer cells (Tables 74 and 75).
These lesions were mild and were not seen in mice terminated before the re-
covery period.

Bone marrows and M/E ratios of all mice in all groups were
normal.

4. Discussion and Conclusions

The 2,4-DNT intake for males and females, respectively, averaged
47 or 52 mg/kg/day in the low level group, 137 or 147 mg/kg/day in the
middle level group, and 413 or 468 mg/kg/day in the high level group.

The low and middle levels of 2,4-DNT were nontoxic to mice. Mice
fed the high level had weight loss and a few deaths. There was mild anemia
as evidenced by decreases in hematocrit and hemoglobin concentration and
an increase in reticulocyte count. Two high dosage males terminated after
4 weeks liad mild depression on spermatogenesis, but testicular lesions were
not ¢aen in those terminated after 13 weeks. This may reflect tolerance
or may be incidental. After allowed to recover for 4 weeks, the mice re-
covered.
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The mice were relatively resistant to the toxic effects of 2,4-DNT.
They ingested more 2,4-DNT related to their body weight than the rats did.
Unlike rats, mice had no apparent behavioral effects. The anemia was mild
and occurred later. There ware only few deaths. Mild aspermatogenesis
wvaa aeen in two of four mice fed the high level of 2,4-DNT for 4 weeks, but
not in mice for 13 weeks. This species difference was also observed in
acute toxicity.l/ The LDSO'a of 2,4-DNT for mice were two to four times
larger than those for rats. One possible explanation is the difference in
the absorption and metabolism of 2,4-DNT between mice and rats as discussed
below in Section IV,

B. Mutagenic Effects of 2,4-DNT

1. Introduction

The mutagenic effect of 2,4-DNT was studied in male mice using
the dominant lethal mutation test.

2. Material and Methods

The methods used were the same as in the rat study, Section II.B.2.
except that mating was determined by the presence of a vaginal plug and fe-
males were allowed to deliver.

3. Results and Discussion

Male mice were fed 0.2% of 2,4-DNT for 13 weeks, or 0.7% for 4
weeks. The results are shown in Tahle 76. The low level of 2,4-DNT pro-
duced no effects. The high level greatly reduced the fertility index but
had o effect on the implant viability index. The reduced fertility index
was due to a majority of the females having no implants. Females bearing
young had normal numbers of implants and pups. These results suggest pre-
implant losses, possibl, related to the testicular lesions discussed above.

4. Conclusions

DNT at 0.77 in thu diet for 4 weeks greatly reduced the fertility
index without effact on the implant viability index. A majority of the fe-
males mated to.the treated males had no implants, whereas females bearing
young had normal numbers of implants and pups.

C. Summary

Male mice fed up to 137 mg/kg/day of 2,4-DNT and female mice fed
up to 147 mg/kg/day for 13 weeks were unaffected. The high dose, glving
413 and 468 mg/kg/day to males and femaies, respectively, caused weight loss,
mild anemia, some decreases in spermatogenesis (decreasing fertility) and a

few deaths. Surviving mice recovered completely after cessation of treatmenc.
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TABLE 53

BODY WEIGHTS OF MALE MICE FED 2,4-DNT

% 2,4-DNT Body Weights (gm)a/
in Feed Initial 4 Veeks 8 Weeks 13 Weeks 17 Weexs
0 31.8+41.8  29.8+2,2
0.07 30.5t0.9  30.5%2.0
0.2 35.5¢1,0 34.5%1.0
0,7 32,8+2.3  26.5%2.0
0 28.5¢1.7 33.5¢1.7%/  32.0t1.5
0.07 29.0£0.4  30.8+0.52/  31.5%0.9
0.2 29.5¢2.1 31.5+1.5%/  33.0%2.3
0.7 31.0t1.9  26.3+1,427  33,3:0.78/
0 31.3%0.5 33,8%0.6 38.5%0.9 35.0£2.2
0.07 30.3t0.5  31.5%1.2 33.5¢1.0 33.7+0.39/
0.2 32.3t1,8  34,0%0.8 34,3t1.8 33.5¢1.3
0,7 31,3#1,4  27,8+0.6 2.8:1.2 _ 25.7:0,98/
0 31.0¢0.7  34.3%1.3 46.3%1.1 37.3¢1.32/  35,0%0.9
0.07 32.8t1.8  34.8%1.5 35.3$2.0 36.0+2.12  33.0%1.7
0.2 30.3t1.9  31,0%1.0 31.0t1.4 33.0t1.52/  30.3%2.1
0,7 29,3%1,7 _28,0%0,3 28,781,28/ _ 29.0t1 8228/ 32.320,68/

b/ 2,4-DNT in
c/ Three mice;
d/ Three mice;
e/ Three mice;

feed discontinued thereafter.

one other mouse died in week 5.
one other mouse died in week 1ll.
one other mouse died in week 10.

87

a/ Mean + S.E. of four mice, unless otherwise noted.
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TABRLE 54

BODY WEIGHTS OF TEMALE MICE FED 2, 4-DNT

o e

% 2,4-DNT Body Weights (gm)&/

F in Feed Initial 4 Weeks 8 Weeks 1.3 Weeks 17 Weeks
3

0 26.0%0.4  26.0%1.4
; 0.07 26.3t6.6  23.3%1.1

0.2 27.0£1.2  25.3%1.7

0,7 25.0%1,1  22,5%0.3
0 27.5+0.5 28.7+0.82/  28.0%0.7
| 0.07 25.5¢0.7  27.3t1.12/  26.3t1.1
: 0.2 25.8+0,9  28,3+1.02/  26.520.9
' 0,7 26.3+1.0  24,0¢1.12/  28,0+0.9
{ 0 26.5£0.7  29.0%1.3 28.6%1.1 29.3%0.8
' 0.07 26.840.9  27.8%0.9 30.5%1.3 29.5%1,2
f 0.2 26.3t1.1  27.8+0.9 27.5%1.2 27.8%0.8
: 0,7 26,3+0.9  23.3*1.3 _ 25,7#0.9¢/ _ 25.0¢1.0S/
; 0 26.5%0.7  27.0%0.6 27.3%0.5 29.5¢1,327  26.8%0.6
g 0.07 25.8+0.8  28,8%0.8 29.5+1.0 31.3¢1.32/ 27,5410
: 0.2 26 3+0.6  27.8%0.9 29.8+0.9 31.8t1.32/  28.5%1.0
E 0.7 6.040.8  24.0%0.4  24.8%0.6 26.7+1.0%7  24.3+1.7

a/ Mean + S.E. of four mice, unless otherwise noted.
b/ 2,4-DNT in feed discontinued thereafter.
¢/ Three mice; one other mouse died in week 7.
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1.9

14 - 170/
2.6

9 - 13
2.6
2,2
2.3
2,0

—

Males

55

5-8
2.3
2.5
2.4
2.0

TABLE

2,2
2,0
2.1
1.4

1 - &

% 2,4-DNT
0.07
0.2

AVERAGE FiED CONSUMPTION (GM/DAY/MOUSE) OF MICE FED 2,4-DNT
In Feed
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AVERAGE 2,4-DNT INTAKE (MG/KG/DAY) OF MICE DURING TREATMENT

TABLE

56

Yy

% 2,4-DNT Males
In Peed 1 - 42/ 5 - 3 9 - 13 1 - 13
0.07 46,0 51.0 44.0 47.0
0.2 132.0 149.0 138.0 137.0
0.7 332.0 490.0 498.0 413.0

Females
1 -4 5 -8 9 - 13 1 - 13
0.07 53.0 54.0 47.0 52.0
0.2 142.0 165.0 140.0 147.0
0.7 434.0 547.0 458.0 468.0
90
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Figure 2 - Body Weights of Mice Fed Various Levels of Z,4-DNT.
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IV. DISPOSITION AND METABOLISM

A. Disposition and Metabolism of 2,4-DNT in Various Species

1. Introduction

The absorption, distribution, biotransformation, and excretion of
2,4=-DNT were studied previously in rates.l 2,4-DNT and its matabolites
were characterized by the available conventional analytical methods and
radiocassay. In the experiments reported here, similarities and differences
in the disposition and pathways of biotransformation were investigated in
mice, rabbits, dogs and monkeys.

2. Material and Methods

1/

The procedure and methods described for rats-’ were generally used
to study the detailed disposition and metabolism of 2,4-DNT.

a. Animal Species

Various species used for these studies included [emale albino
CD-1 and B6C3Fl mice (Charles River Breeding Lab.) weighing 28 to 35 gm and
18 to 26 gm, respectively, female New Zealand rabbits (Small Stock Industries,
Pea Ridge, Arkansas) weighing 1.69 to 1.87 kg, female beagle dogs (Hazelton
Research Animals) weighing 8.2 to 11.8 kg, and female rhesus monkeys (Primate
Imports, Port Washington, New York) weighing 3.0 to 3.7 %g.

b. Experimental Procedure

Each animal was fasted overnight. A single oral dose of 2,4-DNT,

approximately 10% of rhe acute LDgqy, spiked with 10 pCi of 2,4-DNT (Ring-
UL-14C, specific activity of 3.55 mCi/mM), was given via an intragastric metal
or rubber tube. The 2,4~DNT with 14C-1abeled 2,4-DNT was suspended in peanut
oil and given at a volume of 1 ml/100 gm to mice and rats, 2 ml/kg to rabbits,
or 1 ml/kg to dogs and monkeys. After dosing, the mouse or rat was placed
immediately in a "Roth-Delmar" wmetabolism cage.=~' The rabbit, dog or mon-
key was placed in a stainless steel animal cage (24 in. x 24 in. x 20 in.)

All animals were given feed and water &d libitum. Feces and urine were
collected separately in the apparatus. At termination, each animal was
aneathetized with ether or pentobarbital sodium. Aortic blood was collected
and various tissues and feces were removed, weighed, and digeated in 10
volumes of 2 N NaO4. Biood samples were decolorized by the addition of Hioz'
Aliquots of tissue and fecal digests, blood, plasma and urine were neutral-
ized with Beckman BBS-2, solubilized in Beckman BBS-3 and counted in the
scintillation solution using a Packard Tricarb 3375 liquid scintillation
spectrophotometer.
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c. Methods of Identification

Thin-laye: chromatography (TLC): Precnated silica gel plates
(without fluoreacent indicator, 0.25 mm thickness, Brinkman Instruments,
Inc.) ware used for all experiments. All samples were spotted 2.0 cm from
the bottom of the plate and developed at least 10 cm. The solvents used
were (1) benzenc:ethyl acetate (4:1 v/v); (II) ethyl acetate:n-heptane
(9:1, v/v); and (III) n~butanol:acetic acid:water (10:1:1, v/v/v).

Gas-liquid chromatography (GIC): A Hewlett-Packard model
5736A gas chromatograph equipped with a flame ionization detector set at
250°C was used for GLC. For the separation and identification of nitro-
and aminonitrotoluenes, a stainless steel column (0.125 in. {.d. x 3 ft)
packed with 10% UCW-982 on WAW-DMCS (80-100 mesh) was used. The oven tem-
perature was maintained at 150°C and nitrogen carrier gas at a flow rate of
60 ml/min. For the nitro- and aminonitrobenzyl alcohols, a stainless steel
column (0.125 ia. i.d. x 3 ft) packed wizh 10% OV-1 on Chromosordb P (80-100
mesh) was used. The oven temperature was programmed from 150°C to 180°C at
2°/min, and nitrogen carrier gas vas maintained at a flow rate of 60 ml/min.
For 2,4-dinitrobenzoic acid silyl ester, a glass column (0.25 in. 1{.d. x 4 £t)
packed with 1.5% DC LSX-3-0295 and 1.5% GE-XE-60 on Gas Chrom Q (60-80 mesh)
wvas used. The oven temperature was programmed from 100 to 150°C at 4°/min.
and rnitrogen carrier gas was maintained at a flow rate of 30 ml/min. The
silyl ester of 2,4-dinitrobenzoic acid was prepared by adding bis(trimethyl-
silyl)acetamide to an etbh-— solution containing dried urine residue or pure
2,4-dinitrobenzoic acid.

Chemical detection teats} Aryl nitrates were detected using
5% diphenylamine in absolute ethanol .== Aryl amines were detected using
the Bratton-Marshall reagent.lg

Enzyme hydrolysis: Samples were prepared for enzyme treat-
ment by eluting the metabolites from TLC scrapings with water. The pH
was adjusted to 5.6 by the addition of 13.6 mg/ml of sodium acetate and
treated with g~glucuronidase or aryl sulfatase (Sigma Chemical Company, St.
Louis, Minosouri). g-Glucuronidase was added at a final concentration of
5,000 units/ml; aryl sulfatase was added at a final concentration of 225
units/ml. All incubations were carried out for 18 hours at 37°C. After
incubation, enzyme activity was terminated by extraction with 5 volumes of
CHCl4:MeOH (2:1). The resulting aqueous and nonaqueous phases were con-
centrated by evaporation und the metabolites identified by TLC and GIC.
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3. Results

a. Distribution and Excretion

The results on the disposition of 2,4-DNT in rats reported
previouslyl/ are included here for comparison. The distribucion and excre-
tion of radiocactivity after a single oral dose of 2,4-DNT (Ring—UL—lAC) in
various species are summarized in Table 77. In mice, an average of 78.2%
of the administered dose was recovered from the feces and gastrointestinal
tract (GI) plus contents in 24 hours, while only 9.5% to 17.3% was recovered
from the rats, rabbits, dogs, and monkeys during the same period. Both strains
of mice were similar. The total recovery from various tissues and urine was
6.5%2 in mice and 75.8% to 83.5% in the other species. This suggests that the
net absorption of 2,4-DNT in mice approximated 17% of the administered dose

and that the other species absorbed about 75% to 85% of the dose.

In all species, the majority of the absorbed radioactivity
was excreted in the urine. The urinary ex--etion ranged 16.3% of the admin-
istered dose for mice and 75.2 to 81.3% of the administered dose for rats,
rabbits, dogs and monkeys in 24 hours. No radiocactivity was found in the

expired air.

In the rodents and rabbits, the various tissues including
blood contained less than 1% of the dose. The tissues of dogs and monkeys
contained an estimated 3.62 and 2,2% of the dose, respectively. The tissue/
plasma radicactivity ratios after a single dose of 2,4~DNT are shown in
Table 78, Since the second strain of mice (B6C3Fl) were irtended to check
the unusual lack of absorption, they are omitted from the table. Radioactivity
was highly concentrated in the liver of all species. The concencration ratio
of radiocactivity in the liver 24 hours after dosing was 18.1 f~r rats, 17.8
for monkeys and 6.3 to 8.7 for mice, rabbits and dogs. The concentration
ratio was also high in the kidney reflecting the excretion of radiocactivity
in the urine. The radiocactivity was also concentrated in the lung and spleen
in which the concentration ratios were preater than one. In addition, the
skeletal muscle and brain of rats and monkeys contained more radioactivity

than that in the plasma.

b. Metabolites in Urine

As detailed below, 2,4-DNT is metabolized in two phases. The
first phase, illustrated in Figure 3, consists of reduction of the nitro
groups and/or oxidation of the methyl group. These reactions are well-
known.20/  One or both nitros may be reduced to amines by the nitro reductase
systems found in liver microsomes and other tissues. The amethyl group may be
oxidized to a benzyl alcohol by the liver microsomal oxidation system which
oxidizes many compounds. The alcohol can then be further oxidized to a benz-
aldehyde by alcohol dehydrogenase and to a benzoic acid by aldehyde dehydrog-
enase. These last two enzymes are the relatively non specific soluble enzymes
which metabolize ethanol. These oxidative and/or reductive products ma then
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undergo the second phase of metabolism, conjugation, to form glucuronates,
ethereal sulfates and perhaps other compounds, which are then excreted.

These compounds are chemically similar; their separation is
difficult. Various methods used for separation and characterization are
listed in Table 79. TIC system 1 was the most generally useful one. GLC
was necessary to separate some isomers, such as the aminonitrotoluenes
(compounds II and III). We were unable to separate the aminonitrobenzyl
&alcohols (compounds VI and VII), and we could not obtain authentic samples
of compounds X, ¥I, XII, XIV, XV, and XVI for use as standards to identify
these compounds.

Various metabolites found in the urine of mice, rats, rabbits,
dogs and monkeys are listed in Tables 80 through 84, respectively. 1In mice
(Table 80), 57.9% of the urinary radioactivity was found to be glucuronide
conjugates, primarily compounds V (19.67) and VI + VII (24.5%). Other major
metabolites included the sulfate conjugate of compounud IX (10.3%) and the
glucuronate of compound ITf (7.3%). The parent compcund (I) was present in
vvery small amounts (0.3%). A small amount (3.97) of the oxidized benzoic
gcid derivative (compound XIII) was present, thus the benzaldehyde deriva-
tive (compound IX) was probebly produced as an intermediate, ever though
none was detacted in the urine. A total of 19.6% of the urinary radioactiv-
ity in wmice was not identified.

Despite the different amounts of radioactivity xcreted in the
urine, the relative awounts of the various metabolites in rats, rabbits,
dogs, or monkeys (Tables 81 through 84, respectively) were similar to wice.
A majority of the urinary metaobolites was present as glucuronide conjugatcs,
ranging from 54.17 for monkeys to 66.47 for rabbits. The most common metab-
olites were the unreduced and partially reduced benzyl alcohols, compounds
VvV, Vi, and VII. Very little of the pareut 2,4-DNT (compound I) was present,
ranging from ione for rats to 2.67 for monkeys. Although 3.2% to 9.5% of
the urinary radifoactivity in these species was completely oxidized benzoic
acid derivative (compound XIII), none of the intermediate benzaldehyde de-
rivative (compound IX) was found. A substantial smount of the urinary
radioactivity, ranging from 7.9% for rabbit to 30.77 for monkeys, was not
identified.

Total recoveries of various urinary metabolites as a percent
of the administered dose in 24 hours regardless of conjugated forms, are
shown in Teble B85. Noteworthy is the fact that 0.67% to 8.87 of the cose was
converted to 2,4-diaminotoluene (compound IV), a suspected carcinogen,=
and excreted in the urine of the variuus species studied in 24 hours.
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4. Discussicn and Conclusions

Mice absorbed about 17% of the administered radiocactivity in 24
hours after a single oral dose of 2,4-DNT (Ring-UL—lAC). A large amount
of radioactivity was recovered in the feces and GI tract plus contents.
After noting this anomalous result in our usual albino strain (CD-1), we
did a parallel experimnet in the pigmented B6C3F1 strain, but found the
same results (Table 77). One B6C3F1 mouse had very aberrant values (16.4%
of dose in feces, 91.2% in urine). She was omitted from the table as an out-
lier; if this datum was included, there would still be no significant differ-
ences between strains of mice. This couid be the result of poor absorption
after ingestion or a rapid absorption and metabolism, excretion in the bile,
and non absorption of the metabolite(s). In view of the similar pattern of
urinary metabolites in the five species studied including mice, a sufficiently
different metabolism and excretion of 2,4-DNT through the biliary system of
the mice is unlikely. Furthermore, 2,4-DNT is significantly less toxic to
mice than to rats or dogs. This difference in toxicity 1s apparently due to
poor absorption through the GI tract in mlce. On the other hand, most of
the ingested 2,4-DNT was well absorbed in rats, rabbits, dogs, and monkeys
and excreted in the urine within 24 hours.

After oral administration of 1“C--labelecl 2,4-DNT, the radioactivity
was concentrated in the liver and kidney with less in other organs. The
liver is apparently the main organ of metabolism and site of biliary excre-
tion, and the kidney is the main site of urinary excretion.

After oral administration, the zbaorbed 2,4-DNT was extensively
metatolized with no or only a small amount of the parent compouni excreted
in the urine. Metabolism of 2,4-DNT was similar in &ll five aspecies studied.
The most common pathway was oxidation to a benzyl alcohol, perhaps with re-
duction to an aminonitrobenzyl alcohol; followed by glucuronide conjugation
and excretion. Variations included reduction of one or both nitro groups
to amines, oxidation to a benzoic acid, and excretion as aulfates or as the
free compounds.

A substantial fraction of the administered 2,4-DNT was excreted
as unidentified wetabolites. We did not have authentic samples of some of
the metsbolites as standards for identification. The reduced benzoic acids
(compounds XIV, XV, and XVI as shown in Figure 3) are likely to be minor com-
fonents, because their formation requires four or five successive enzymatic
reactions and a molecule is likely to be excreted before these reactions take
place. TIsolation of the authentic benzaldenydes (compound IX through XII) is
unlikely because of the facile formation of stable Schiff bases, such as shown

in the following reaction:
1
> H2N -@—c-u. CH20H
NO2 NO2

- _
HgN-@— g + nw-@- CH20H
NO? NO2
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If any benzaldehyde derivatives are left in aqueous solution, it would
readily react with any amine. This reaction would produce a wide variety of
products depending on which benzaldehyde reacts with which amine. Other
possible metabolites include other routes of conjugation. An amino compound
could be acetylated by acetyl-CoA, as is sulfanilamide. A bengoic ac!d de-
rivative could react with coenzyme A and then with glycine to form a hippuric
acid derivative. To investigate these possibilities would be very tedious.

B. Biliary Excretion of Nitrotoluenes in Rats

1. Introduction

As discussed in the preceding Section IV.A., 2,4-DNT was highly
concentrated in the liver of various species. Liver serves both as a site
for metabolic biotransformation of foreign compounds and as an organ for
biliary excretion. In these experiments, biliary excretion of 2,4-DNT was
studied. For comparigson, TNT and its dinitroisomers (DNT's) including 4-
amino-2,6-DNT were also studied.

2. Material and Methods

Female CD® rats (Charles River Breeding Lab.) weighing 280 to 320
gm, were fasted overnight before use. Under ether anesthesia, the common
bile duct was cannulated with PE-10 plastic tubing through a midline ab-
dominal incisfon. After the incision had been closed, a dose of TNT, DNT's,
or 4-amino-2,6-DNT approximating 107 of the acute LDSO’ gziked with about
10 nCi{ of the respective ~'C-labeled compounds (Ring-UL-" "C, specific activ-
ity of 3.02 to 4.90 mCi/mM), was dissolved in peanut oil and administered
orally by intragastric intubation at 1 ml/100 gm body weight. The rats were
then confined individually in restrictive animal holders (Stoelting Company,

Chicago, Illinois). Purina Rodent Chow and water were freely accessible to
the animals.

Bile was collected for the predetermined intervals and the amount
oi bile was measured by weighing. Small volumes of blood samples (200 nl)
were obtained periodically from the rats by cutting off the tipes of their
taiis and heparinized. At the eand of 24 hours, the rats were removed from
the holders and anesthetized with ether. Blood was collected from the ab-
dominal acrta with heparinized syringe. Entire length of the GI tract in-
cluding their contents was removed and combined with the feces which were
collected without urinary contamination.

Radioactivities in the bile, blood, plasma and the GI tract were

measured using a Packard Tricarb 3375 liquid scintillation spectrophotometer
as deacribed in Section IV.A.2.b. Bile was counted diractly in the
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scintillation solution. Blood, plasma and the GI tract were digested with
NaOH, decolored with Hyl),, solubilized in the scintillation solution and

counted.
3. Results

The biliary excretions of radiosctivity in female rats after oral
administration of TNT and various DNT's (Ring-UL-lac) are summarized in
Tables 86 through 93. The DNT's included all isomers (2,3; 2,4; 2,5; 2,6;
3,4; and 3,5) and 4-amino-?,6-DNT, a metabolite of TNT. Some radioactivity
appeared in the bile within 15 minutes after oral adminisrration of the
various l4c-labeled nitrotoluenes. The rate of biliary excretion increased
with time and reached a peak in 15 winutes for 3,4-DNT, in 1 hour for 2,3-DNT,
in 2 hours for TNT and 2,4-DNT, in 4 hours for 2,5-DNT and 3,5-DNT, and in
6 hours for 2,6-DNT. Therexfter, the rate of excretion decreased. Blood
concentration of radiosctivity correlated with the rate of biliary excretion.
The blood concentration and rate of biliary excretion of 4-amino-2,6-DNT
increased slightly during the first 6 hours and contfnued to increase through-

out the collection period.

The total radfoactivity excreted in bile and that remaining in
the GI tract plus contents and feces sre summarized in Table 94. After
24 hours, the total biliary excretion of radioactivity averaged 1(¢.3% and
10.9% of the dose for TNT and 2,4-DNT; 14.47% to 14.5% for 2,5-DNT, 3,4-DNT
and 3,5-DNT: 17.1%7 for 4-amino-2,6-DNT, and 24.87% and 27.3% for 2,6-DNT
and 2,3-DNT. On the other hand, the radioactivity recovered frow the GI
tract plus contents and feces averaged 3.17% to 8.1% of the dosa fo: 2,3-DNT,
2,4-DNT, 2,6-DNT, and 3,5-DNT; 14.27% to 17.9% for TNT, 2,5-DNT aud 3,4-DNT;
and 46.87 for 4-amino-2,6-DNT.

4. Discussion and cConclusions

After oral administration of TNT and various dinitrotoluenea
(Ring-UL~140) to rats, the redioactivity appeared in the bile within 15
minutes. The rate of biliary excretion reached a peak in 15 minutes for
3,4-DNT, in 6 hours for 2,6-DNT &nd fn 1 to 4 hours for TNT and the other
DNT's. The blood concentrations of radioactivity incr2ased and decreased
in close relation to the rate of biliary excretion. The blocd concentration
and rate of biliary excretion of 4~amino-2,6-DNT continucd to increase
throughout the collection period. The biliary exzretion rate increased
slowly during the first 5 hours and increased only slightly during the 24th
hour. The peak rate was probably reached before the 23rd hour.
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The amount of biliary excretion was relatively high for 2,3-DNT
and 2,6-DNT and somewhat lower for TNT and the other dinitrotoluenes. The
amount of radioactivity remaining in the GI tract and feces 24 hours safter
dosing was large for 4-awino~2,6~DNT, small for 2,3-DNT, 2,4~DNT, 2,6-DT
and 3,5-DNT and intermediate fcr TNI' g2od the other DNT'a.

C. Metabolism of 2,4-DNT In Vitzo

1. Introduction

This part of the study was to describe the in vitro met olisa of
2,4-DNT by homogenates of livers from various species. Thase data in con-
junction with the in vivo observations may be utilized to predict how humuns
metabolize 2,4-DNT.

2. Material and Methods

Animals were sacrificed by decapitation (rats), cervical disloca-
tion (mice), air embolism (rabbits), o. an overdose of magensium sulfate
(dogs and moukeys), and the livers removed, weighed, and homogenized in three
volumes of 1.15% KC1l. The homogenai: was centrifuged at 10,000 g for 30 min-
utes at 4°C. The incubation medium containe< 5 rM magnesium chloride, 5 mM
glucose-6-phosphate, 0.8 mM nicotinamide adenine dinucleotide phosphate, 1
mM 14C-2,4-DNT (0.1 pg/ml), 1.0 ml of 0.2 M Tris-HCL pH 7.4, and 0.5 ml of
the 1G,000 g supernatant for a final volume of 2.5 ml. All reactions were
conducted in 50 ml Erlemmeyer flasks at 37°C for 1 hour in a shaking incu-~
bator. Aerobic reactions were performed in room air while anaerobic reac-
tions were conducted in sealed flasks which had been gassed with nitrogen
for 30 seconds before incubation. All reactions were terminated with 2.5
ml of acetone. The supernatants were chromatographed with standards on
silica gel TLC plate in a solvent system of benzene and ethyl acetate (4:1).
The standards were visualized with ultraviolet light, and the radioactivity
agsociated with the standards was quantified using liquid scintillation
counting. Protein determinations22/ were made on the 10,000 g supernatant
using bovine serum albumin as the standard. The enzymatic formation of weta-
bolites was corrected for nonenzymatic degradation, and the reults were
expressed a= nmoles metabolite/mg protein.

A preliminary study was conducted to determine the ability of our
in vitro system to detect the difference in 2,4-DNT metabolism. Groups of
four male rats wers given B0 mg/kg of phenobarbital sodium intraperitoneally
daily for 4 days before sacrifice on the S5th day, or 50 mg/kg of SKF-525A
intraperitoneally for 1 hour before sacrifice, or no treatment. The livers
of these animals were removed, prepared, incubated, and analyzed as above.
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3. Results

The results of the preliminary experiment involving pretreatment of
phenobarbital sodium or SKF-525A indicated that both compounds modified the
ability of livers from these rats o metabolize 2,4-Dn". in the in vitro
system (Table 95). Consequently, we concluded that this system was suitable
tn detect species difference in 2,4-DNT metabolism.

A species comparison of 2,4-DNT metabolism under serobic and an-
aerobic conditions i{s presented in Tablcs 96 and 97, respectively. Between
8 and z77% of the parent compound was metabolized, at the end of 1 hour, in
all of the species tested. Under aerobic conditions, 2,4-dinitrobenzyl
alcohol was the major metabolite in all the species tested. If incubations

were conducted under anaerobic conditions, then the amount of 2,4-dinitrobenzyl

alcohol was reduced while the amount of aminonitrotoluenes was increased
relative to aerobic conditions. Differences between aerobic and anserobic
incubaticns, however, were not as apparent when the quantity of unidentified
metabolites produced was compared. In addition, this study suggested the sex
differences in 2,4-DNT metabolism. Female mice and rabbits ard male dogs

and rats produced more 2,4-dinitrobenzyl alcohol under aerobic conditions

than did the opposite sex of each species. 1In contrast, more saminonitrotoluenes

were produced under anaerobic conditions by males of all the species tested.
There were no apparent sex +differences in the amount of unidentified metab-
oliter formed under either aerobic or anserobic conditions.

4, Discussion and Conclusion

Fhenobarbital and SKF-525A pretreatment modified the ability of
livers from male rats to metabolize 2,4-DNT in an in vitro system. Similar
effects of phenobarbital and SKF=52%A on drug metabolism have been reported.g—/
If the disappearance of 2,4-DNT was used as a basis of comparison, then the
species tested were similar.

Under aerobic conditions, the liver of rabhits formed more metabo..ic
products than the nther speciesr. Under anaerobic conditions, more aminonitio-
toluenes were formed by males than females; and inale rats produced the most.
The production of unidentified metabolites was similar for all of the species
tested and did not provide information for comparison. We tried to obtain
human cadaver liver for parallel experiments, but were not successful.

D. Effect of 2,4-DNT on Drug Metabolizing Enzymes

1. Introduction

Heving scen what the liver drug metabolizing ensymes do to 2,4-DNT,
we then studied what 2,4-DNT did to the liver drug metabolixing enzymes.
Activities of these entymes were assayed both in vivo by the zoxazolamine
paralysis time and in vitro by the hepatic nitroanisole O-demethylase activity.
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2. Material and Methods

Male rats were fed diets that contained 0.7% of 2,4-DNT for 2 weeks.
Rats in the positive coantrol group received 50 mg/kg of phenobarbital sodium
twice daily for 3 days. At the end of trestment, the zoxazolamine paralysis
time and nitroanisole O-demethylase activity were determined.

Zoxazolamine was administered i.p. to rats at a dose of 45 mg/kg
in a vehicle of 0.2 N HCl. The duration of paralysis was measured in terms
of the loss of the righting reflex. The values are reported as the mean +
S.E., and the test of significance was the two-sample rank test._gl The
level of sigaificance was selected as p  0.05.

The metabolism of nitroanisole by livers was measured in an in
vitro system. Rats were sacrificed by decapitation. The livers were re-
moved, weighed, and homogenized in four volumes of 1.15% potassium chloride.
The homogenate was centrifuged at 9,000 x g for 30 minutes. The incubation
medium contained 15 umoles magnesium chloride, 15 umoles glucose-6-phosphate,
3 pmoles p-nitroanisole, 0.5 ml of the 9,000 x g liver supernatant, and
0.5 ml of 0.5 M sodium phosphate buffer pH 7.8. Reactions were conducted
for 20 minutes in a shaking water bath at 37°C. The reaction was terminated
by the addition of 0.5 ml of 407 formalin and the color was developed with
0.5 ml of 0.8 N sodium hydroxide. The product formed was measured spectro-
photometrically at 420 wm. The relationship of pmoles p-nitrophenol forved =
Absorbance Units/10.22 was used to quantitate product formed. The Lowry
protein asaayZZ/ was used to measure protein content. The activity was ex~
pressed as mmoles p-nitrophenol/mg protein. The values are reported as

the mean + S.E. The test and level of significance were the same as described
above.

3. Results

Phenobarbital pretreatment significantly decreased the duration of
zoxazolamine paralysis, as shown in Table 98. Two weeks of 0.7% of 2,4-DNT
in the feed did not significantly affect the duration.

This same diet regimen did not change the in vitro ability of the
liver to convert nitroanisole to nitrophenol, as shown in Table 99.

4. Conclusion

Feeding 0.7% of 2,4-DNT to male rats for 2 weeks neither affected
the liver engymes involved in the metabolism of gzoxazolamine in vivo nor
affected the in vitvo liver nitroanisole O-demethylase activity.
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E. Summar

Oral doses of radiolabelled 2,4-DNT were poorly absorbed (8 to 12X
of the dose) by two strains of mice, but well absorbed (75 to 85X) by rats,
rabbits, dogs and monkeys. Once absorbed, the compound was handled similarly
in all species. Concentrations of radiolabel were found in the liver and kid-
ney. No radiolabel was found in exhaled air, but most of that absorbed was
excreted in the urine within 24 hours. Metabolic processes, as determined
from urinary metabolites, included reduction of one or both nitros to aminos,
oxidation of the methyl to an alcohol or benzoic acid, and conjugation with
sulfate or glucuonate.

In female rats, portions of oral doses of radiolabelled TNT or DNT
isomers were excreted into the bile within 15 minutes of dosing. There were
variations between the compounds with respect to time to peak biliary excretion
rats (15 minutes for 3,4~DNT to 6 hours for 4-amino-2,6-DNT), and radioactivity
remaining in the GI tract, its contents, and feces (3.1% of dose for 2,3-DNT
to 46.8% for 4-amino-2,6-DNT).

In vitro liver homogenates from mice, rats, rabbits, dogs and mon-
keys metabolized 8 to 272 of added 2,4~DNT within 1 hour. The primary product
under aerobic conditions was 2,4-dinitrobenzyl alcohol; under anaerobic, amino-
nitrotoluenes. These compounds are the first products formed in vivo, also.

Feeding 0.7% 2,4-DNT (high dose in toxicity study) to rats for 2 weeks
did not effect liver enzymes, as determined by zoxazolamine paralysis time and
hepatic nitroanisole (-demethylase activity.
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TABLE 78
T OACTIVITY 0s%/ IN VARIOUS SPECIES OF

ANIMALS 24 HR AFTER ORAL ADMINISTRATION OF A SINGLE
JOSE OF 2,4-DNT (RING-UL-"*C)

Mice Raca Rabbits DoRs Moukeys
Spleen 1.7:0.3b/ -- 1.3/ 114/ 2.6d/
Liver 6.340.8 18.120.7¢/ 8.7 6.9 17.8
Kidneys 3.420.4 7.480.5 7.0 4.9 6.4
Brain 0.620.1 1.5¢0.1 0.6 0.5 1.3
Lungs 1.9:0.3 6.123.2 2.2 1.7 1.9
Skeletal Muscle 0.620.1 1.8%0.2 0.5 0.5 1.5

a8/ Radioactivity in 1 ml or gm of wet tissue per radioactivity in
1 ol of plasma

b/ Mean = S.E, of four CD-1 mice.

¢/ Mean & S .E, of three rats.

d/ Average of two animals.
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TABLE 80

METABOLITES OF 2,4-~DNT IN MOUSE URINE COLLECTED FOR 24 HR AFTER ORAL

ARUNISTRATION OF A SINGLE DOSE OF 2,4~ NG-UL-
Conjugates

Metabolites Free Glucuronide Sulfate
2,4-Dinitrotoluens (I) 0.38/ 0 0
4-Amino-2-nitrotoluene (II) 1.0 1.2 10.3
2-Amino-4-nitrotoluene (III) c.1 7.3 2,1
2,4-Diaminotoluene (IV) 0.1 3.1 2,0
2,4-Dinitrobenezyl alcohnl (V) 0.3 19.6 2,7
2,4-Aminonitrobenzyl alcohols (VI, VII) 0.1 24,5 0.5
2,4-Diaminobenzyl alcohol (VIII) 0.2 1.4 0
2,4-Dinitrobenzoic acid (XIII) 3.8 _0.1 0
All [dentified 5.8 57.0 17.5
Unidentified 19.6

a/ Percent of I"‘C-r:.:dioacti.vi.t:y in urine. Average of four CD-1 mice.
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TABLE 81

METABOLITES OF 2,4-DNT IN RAT URINE COLLECTED FOR 24 HR AFTER ORAL
ADMINISTRATION OF A SINGLE DOSE OF 2.4~DNT_(LING-UL-'“C)

Conjugates

Metabolites Free Glucuronide Sulfate
2,4-Dinitrotoluene (I} 0 0 0
4-Amino-2-nitrotoluene (II) 0.42/ 1.2 0.9
2-Amino-4-nitrotoluene (III) 0 0.1 0.6
2,4-Diaminotoluene (IV) 1.3 5.9 4.3
2,4-Dinitrobenzyl alcohol (V) 3.2 27.1 2.9
2,4-Aminonitrobenzyl alcohols (VI, VII) 2.2 22,5 0.7
2,4-Diaminobenzyl alcohol (VIII) 0.9 1.7 3.4
2,4-pinitrobenzoic acid (XIII) 8,0 _0.2 o
All identified 16.0 58.7 12.9
Unidentified 12,5

a/ Percent of 14C-radioac:ivity in urine. Average of three rats.
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TABLE 82

METABOLITES OF 2,4-DNT IN RABBIT URINE COLLECTED FOR 24 HR AFTER ORAL
ADMINISTRATION OF A SINGLE DOSE OF 2,4-DN1 (RING-UL-14¢)

e ———

Conjugates
Metabolites Free Glucuronide Sulfate

i 2,4-Dinitrotoluene (1) 0.32/ 0 0
; 4-Amino-2-nitrotoluene (II) 0.4 0.5 7.9
| o 2-Amino-4-nitrotoluene (III) 0.6 4.2 1.8
' 2,4-Diaminotoluene (IV) 0.9 4.0 0.7
.f 2,4-Dinitrobenzyl alcohol (V) 0.5 40.3 3.0
? ' 2,4-Aminonitrobenzyl alcohols (VI, VII) 0.3 9.4 0.5

2,4-Diaminobenzyl alcohol (VIII) 1.0 5.9 0.6
‘ 2,4-Dinitrobenzoic acid (XIIT) 1.3 2.0 0
? All identified 11.4 66.4 14.5
| Unidentified 7.9

a/ Percent of lac-rldioactivity in urine, Average of two rabbits,

i
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TABLE 83

METABOLITES OF 2,4-DNT IN DOG URINE COLLECTED FOR 24 HR AFTER ORAL
ADMINISTRATION OF A SINGLE DOSE OF 2,4~DNT (RING-UL-l%c)

Conjugates

Metabolites Free Glucuronide Sulfate
2,4-Dinitrotoluene (T) 0.23/ 0.5 0
4-Amino-2-nitrotoluene {II) 0.1 4,6 3.7
2-Amino-/-nitrotoluene (III) 0.2 2.9 0.4
2,4-Diaminotoluene (IV) 0.2 4.8 0.4
2,4-Dinitrobenzyl aicohol (V) 0.1 33.1 1.6
2,4-Aminonitrobenzyl alcohols (VI, VII) 0.4 17.9 0.2
2,4-D..aminobenzyl alcohol (VIII) 0.5 1.4 1.5
2,4-Dinitrobenzoic acid (XIII) 5.7 _1,0 _0
All identified 7.4 66.2 7.8
Unidentified 18.6

a/ Percent of 14c_radionctivity in urine. Average of two dogs.
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TABLE 84

METVABOLITES OF 2,4~DNT IN MONKEY URINE COLLECTED FOR 24 HR AFTER ORAL
ADMINISTRATION OF A SINGLE DOSE OF 2,4~DNT (RING-UL-’%C)

Conjugates
Metabolites Free Glucuronide Sulfate
2,4-Dinitrotoluene (I) 0.4/ 2.2 0
4-Amiano-2-nitiotoluene (II) 10 0.7 0.4
2-Amino-4-nitrotoluene (III) 0.3 6.8 1.6
2,4-Diaminotoluene (IV) 0.4 3.3 1.1
i 2,4-Dinitrobenzyl alcohol (V) 1.5 21.5 2.3
' 2,4-Aminonitrobenzyl alcohols (VI, VII) 17.9 0.2
4 2,4-Diaminobenzyl alcohol (VIII) 0.5 1.3 1.4
E 2,4-Dinitrobenzoic acid (XIII) _&4.5 0.4 9 ]
; All identified 8.2 54.1 6.9 ]
Unidentified 30.7 4

¢ - a/ Percent of 14¢. radiocactivity in urine. Avercze of two monkeys.
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TABLE 98
D . P, SIS _IN »_PR W

% Izeatment ——(minutes) _
; Experiment I
;

Control 98 + 11 (lo)g/

Phenobarbital 3% + 3 r7yb/
: Experiment 11
] Control 134 + 14 (8)
;; 2,4-DNT 105 + 6 (6)
a/ Mean + standard error (number of rats
: b/ Significantly different from control2l/
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TABLE 99
' [LASE Y _IN ERS OF RATS FF
OR A DIET CONTAINING 0.7% OF 2,4-INT
Treatment Acuvitt“/
Control 1.32 £ 0.17 (3)¥/
2,4=DNT : 1.14 & C.01 (3)

a/ nmoles p-nitrophenol/mg prctein in 9,000 x g
supernatant.
b/ Mean + standard error (number of rats),
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Figure 3 - Possible Early Steps (Phase 1) of
Motabslic Pathways of 2,4~DNT in Mammals
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V. GENERAL SUMMARY AND CONCLUSIONS

A. Toxic Effcets

1. Toxic and Nontoxic Doses

Dogs were the most sensitive species tested in these subchronic
dose studiez, with 5 mg/kg/day having no effects and 25 mg/kg/day being
texic to all and lethal to some. In rats, a dose in feed giving 34 mg/kg/

*> males and 38 mg/kg/day to females was slightly toxic; no nontoxic
¢ose was found in this study. Mice were much less affected, since intakes
of 137 mg/kg/day by males and 147 mg/kg/day be fema.es had no adverse ef-
fects, and intakes of the high dose of 415 mg/kg/day by males and 468 mg/
kg/day were not as toxic as much lower doses givea dogs or rats.

The cause of the relative nontoxicity of 2,4-DNT to mice is appar-
ent in the absorption studies. Mice only absorbed 8 to 12% of an oral dose,
while rata, rabbits, dogs and monkeys absorbed 75 to 857 of the dose. When
this effect was seen iu the albino strain used in the toxicity study (CD-]G5,
we considered the possibility of a peculiarity in that strain. However, vir-
tually identical results were seen in the pigmented B6C3Fl strain (Fy hybrids
of C57 BL/€ black mice and C3H agouti mice), the standard strain of the NCI
Carcinogenesis Bioassay Program. Therefore, the low absorption of 2,4-DNT
is a peculiarity of the species Mus musculus.

A noteworthy phenomenon is the extreme individual variation in sus~
ceptibilivy to 2,4-DNT toxicity. A good example is the dogs given 25 mg/kg/
day. On dav 2?2, one died, but two others were finally having minimal toxic
signs.

2. Target Crgans

Typical non-gpecific toxic effects (decreased weight gain or even
weight loss) were seen in the rodents. This was the only effect seen in the
low-doge rats.

All species had methemcglobinemia and its sequelae (Heinz bodies,
anemia, reticulocytosis, hemosiderosis, etc.) in varying degrees.

Dogs and, to a lesser extent, rats had neuromuscular symptoms of
incoordination and rigid paralysis. GCome gliosis and demyeliniation was
seen, but the connection between lesions and symptoms is not clear.

Males of all specles tested had decreased spermatogen. "is. In

sufficient dose, this could produce functional sterility as seen in the
dominant lethal mutation study in rats.
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3. Special Toxicity Tests

No increases of immunoglobulin E were seen in dogs and rats.

No unequivocal mutagenic effect was s2en in the cytogenetics, dom-
inant lethal mutation, and cell culture studies. The toxic effect of 2,4-
DNT on spermatogenesis confounded the dominant lethal mutation study. The
chromatid breaks and gaps seen in the cytogenetics study have dubious pre-
dictive value.

B. Disposition and Metabolism

1. Absorption, Distribution, Metaboliazm ~aud Excretion Studies

Oral doses of radiolabelled 2,4-DNT were poorly absorbed (8 to 12%
of the dose) by two strains of mice, but well absorbed (75 to 85”) by rats,
rabbits, dogs and monkeys. Once absorbed, the compound was handled similarly
in all species. Concentrations of radiolabel were found in the liver and
kidney. No radiolabel was found in exhaled air, but most of that absorbed
was excreted in the urine within 24 hours. Metabolic processes, as determined
from urinary metabolites, included reduction of one or both nitros to aminos,
oxidation of the methyl to an alcohol or benzoic acid, and conjugation with
sulfate or glucuronate.

2. Biliary Excretion Studies

In the female rats, portions of oral doses of radiolabelled TNT or
DNT isomers were excreted into the bile within 15 minutes of dosing. There
were variations between the compounds with respect to time to peak biliary
excretion rate (15 minutes for 3,4~DNT to 6 hours for 4-amino-2,6-DNT),
total biliary excretion in 24 hours (10.3% of dose for TNT to 27.3% for 2,3-
DNT), and radioactivity remaining in the GI tract, its contents, and feces
(3.1% of dose for 2,3-DNT to 46.8% for 4-amino-2,6-DNT).

3. In Vitro Metabolism Studies

In vitro liver homogenates from mice, rats, rabbits, dogs and mon-
keys metabolized 8 to 272 of added 2,4-DNT within 1 hour. The primary prod-
uct under aerobic conditions was 2,4-dinitrobenzyl alcohol; under anaerobic,
aminonitrotoluenes. These compounds are the first products form in vivo, also.

4. Metabolic Interaction Studies

Feeding 0.7Z 2,4-DNT (high dose in toxiecity study) to rats for 2
weeks did not affect liver encymes, as determined by zoxazolamine paralysis
time and hepatic nitroanisole O-demethylase activity.
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C. Future Research

1. Exposure Standards

2,4-DNT is obviously toxic to mammals. Setting a reliable exposure
standard will require a lifetime exposure to evaluate carcinogenicity. Be-~
cause of their aberrant absorption, mice would be of relatively little use
in standard setting.

2. Toxre TEfects

Additio .\ work will be necessary to fully understand some of the
toxic effec:- of 2,4 ‘DNT.

Methemoglobinemia is a well known effect.éj The only remaining quest-
ion is what exposure level in humans produces no effect, a routine industrial
hygiene problem. Heinz bodies seem to be a useful diagnostic tool.

The neuromuscular effect has not been reported previously. Its
mechanism 1Is unknown. It may be related to some neurologic complaints of
2,4-DNT worker,l/ but that is a guess. Because of this lack of knowledge,
extrapolation to humans is less certain than for better-studied effects, such
as methemoglobinemia.

The depressed spermatogenesis is alsc a new effect for these com-
pounds. The most serious unanswered question is its reversibility--how great
a depression can the victim recover from? The accompanying toxicity is so
great that it is unljkely that 2,4-DNT would be a useful lead compound for
development of a male contraceptive.

155

il i

e b T bt g et




i
{
J

!

a1 AT r,v-mwalmsm
vl g

oy —— ———— - ————
Lees . . PO « - .

REFERENCES

Lee, C. C., J. V. Dilley, J. R. Hodgson, D. N. Roberts, D. 0. Helton,
and W. J. Wiegand: Mammalian Toxicity of Munition Compounds:
Phase I. Acute Oral Toxicity, Primary Skin and Eye Irritation,
pDermal Sensitization and Disposition and Metaboliem. USAMRDC Cor:-
tract No. DAMD-17-74-C-4073. Report No. 1l: 1-100, 22 July 1975.

Pybus, J.: Determination of Calcium and Magnesium in Serum and Urine
by Atomic Absorption Spectrophotometry. Clin. Chim. Acta., 23: 309,
1969. -

Seligson, D., J. Marino, and E. Dodson: Determination of Sulfobromo-
phthalein in Serum. Clin. Chem., 3: 638, 1957.

Dunnett, C. W.: A Multiple Comparison Procedure for Comparing Several
Treatments with a Control. J. Am. Stat. Assoc., 50: 1096, 1955.

Harris, J. W., and R. W. Kellerman: The Red Cell. Harvard University
Press, Cambridge, Massachusetts, 1970.

Morton, A. R., M. V. Ranadive, and Jj. A. Hathaway: Biological Effects
of Trinitrotoluene from Exposure Below the Tnreshold Limit value.

Amer. Ind. Hyg. Assoc. J., 37: 56, 1976.

McGee, L. C., A. McCausland, C. A. Plume, and N. C. Marlett: Metabolic
Disturbances in Workers Exposed to Dinitrotoluene. Amer. J. Dig.
Dis. 9: 329, 1942,

Reisman, R. E., and C. E. Arbesman: Systemic Allergic Reactlons Due
to Inhalation of Penivillin. J. Am. Med. Assoc. 203: 986, 1968.

~——

Mancini, G., A. 0. Carbonara, and J. F. Heremans: Immunochemical
Quantitation cf Antigens by Single Radial Immunodiffusion. Immuno-
chiemistry, 2: 235, 1964.

Moorhead, P. S., P. C. Nowell, W. J. Mellman, D. M. Battips, and D. A. i
Hungerford: Chromosome Preparations of Leukocytes Cultured from !
Human Peripheral Blood. Expt. Cell Res., 20: 613, 1360. ]

Fernandes, M. V.: The Development of a Human Ammion Strain of Cells. !
Texas Repts. Biol. Med., 16: 48, 1958. %

{

3

!

i

Vogt, M., and R. Dulbecco: Virus-Cell Intera-tion with Tumor Producing
virus. Proc. Nat. Acad. Sci., 46: 365, 1960.

——r—

157




e s e

rr— s —rAT——— S )

RS

13.

14.

15.

16.

18.

19.

20.

21.

22.

23.

REFERENCES (Concluded)
————————

Moorhead, P. S., and P. C. Nowell: Chromosome Cytology. In Methods
in Medical Research (H. N. Eisen, Editor). Year Book Medical Publ.
Inc., Chicago, 10: 310, 1964.

Keo, F. T.,and T. T. Puck: Genetics of Mammalian Cells. VII. Induction
and Isolation of Nutritional Mutants in Chinese Hamster Cells. Proc.
Nat. Acad. Sci., 60: 1275, 1968.

Puck, T. T., and F. T. Kao: Genetics of Somatic Mammalian Cells. V.
Treatment with 5-Bromodeoxyuridine and Visible Light for Isolation
of Nutritionally Deficient Mutants. Proc. Nat. Acad., Sci., 58: 1227,
1967. -

Keao, F. T., and T. T. Puck: Genetics of Somatic Mammalian Cells. IX.
Quantitation of Mutagenesis by Physical and Chemical Agents. J. Cell
Physfol., 74: 245, 1969. '

Roth, L. J., E. Leifer, J. R. Hogness and W. H. Langham: Studies on
the Metabolism of Radioactive Nicotinic Acid and Nicotinamide in Mice.
J. Biol. Chem., 176: 249, 1948.

Feigl, F., V. Anger and R. E. Oeaper: Spct Tests in Organic Analysis,
Seventh Edition, Elsevier Publishing Company, New York, p. 300, 1966.

Bratton, A. C., E. K. Marshall, Jr., D. Babbitt and A. R. Hendriekson:
A New Coupling Component for Sulfanilamide Determination. J. Biol.
Chem., 128: 537, 1939.

Goldstein, A., L. Aronow and S. M. Kalman: Principles of Drug Action.
Second Edition. John Wiley and Sons, New York, 1974.

Christensen, H. E., T. T. Luginbyhl, and B. §. Carroll: Suspected
Carcinogens. A Subfile of the NIOSH Toxic Suwbstances List. National
Institute for Occupational Safety and Health, Rockville, Maryland,
1975.

Lowry, O. H., N. J. Rosebrough, A. L. Farr and R. J. Randall: Protein
Measurement with the Folin Phenol Reagent. J. Biol. Chem., 193:
265, 1951. -

Mann, H. B., and D. R. Whitney: On & Teet of Whether One of Two
Random Variables is Stochastically Larger than the (ther. Ann. Meth.
Stat., 18: 50, 1947.

1458

en

P

OO SO PR




I PISTRIBUTION 1,IST
I No. of
Copies
oA 4 HQDA (SGRD-AJ) |
L. Ft. Detrick ;
H Frederick, MD 21701
. 25 U.S. Army Medical Bioengineering
; Research and Development laboratory s
i Attn: SGRD-UBG-R !
Fort DNetrick
Frederick, MD 21701 i
. 12 Defense NDocumentation Center (DNC) ]
‘ Attn: DLC-TCA

Cameron Station
Alexandria, VA 22314

1 Superintendent
Academy of Health Sciences, U.S. Army
Attn:  AHS-COM
Fort 3am Houston, TX 78234

il e o B | A MM Sk
- s e e

1 Dean
School of Medicine o
Uniformed Services University of the o
Health Secilences
Office of the Secretary of Nefense
6917 Arlington Road
Bethesda, MD 20014

[ e R
e

Ny
| IOV g T

159

“A——
1




JE——— e

APPENDIX I
161

e P em® ped E T S

e R S 3




y
:
i
L
i
i
13
5
)
X
3
'
4

MANUAL FOR

PO P e S

HEMATOLOGY, CLINICAL LABORATORY TESTS, HISTOPATHOLOGY,
STATISTICAL ANALYSIS, AND RORMAL VALURS

Cheng-Chun Lee
Chuen-Bin Hong {
Jagdish C. Bhandari
Judith D. Girvin Cd
John J. Kowalski .

sened  emf  pusd pemd Pemed ound Gumw Ga GO SN B

Midwest Research Institute

]
»

January 1977

1 t -

.
b4
-

4

A
[o—— .
.




g ” 1
e T ‘\-‘Mqﬂm ’

- omE B

TABLE OF CONTENTS

E Page

“ I. Hematology and Clinical Laboratory Tests. . . . . . . . « . « . 1

i T. A. “emtOlosy. . . - . . 3 3 . . . . . . . 3 . o . . - . . . 1

L B. Clinical Blood ChemiStry. » « « « « v + o« ¢ o o o o o« « « 2

C. Urdnalysis. . . ¢« +. v v ¢« ¢ ¢« v ¢ v s ¢« ¢ o« « o o » o s+ 3

1 ) D. Occult Blood In Feces . . + ¢« + ¢« v+ v & ¢ ¢ s ¢ o o « +« +« &
i . E. Precision of Hematology and Clinical Blood Chemistry

TEBES + 4 & v o o o + o ¢ 4 v s 4 s o 1 v e 1 e s e b

£

: N 1, Reproducibility . . . . . . ¢« ¢ v o v v ¢« o o v .
i 2. Reproducibility Within a Test Day . . . « « « .« « &
3. Proficlency Test Service. . . . . . . . « « 4+ ¢+ » + 5

£

~

1I. Histopathology. . « ¢ ¢ ¢ ¢ v ¢ ¢ o & o ¢ o 4 o ¢ o o o s s & o

, . A. Necropsy and Gross Examination. . . . . . . . . . ¢ ¢ . .
| B. Organ Wedghts . . . . . « ¢ ¢ ¢t ¢ ¢ ¢ ¢ v o s s o o o s s
C. Tissues for Microscoplc Examination . . . . . . . . . . .
D. Fixation and Staining of Tissues. . . . . . . . . . . . .

[ K- IV, IV, ]

IIX, Statistical Aralysis. . . . . ¢« ¢ ¢ v e v 4 v 4 s e v e s e e . B

IV. Normal Values . . . ¢ v v « & o o o o o o o o o s o o o o o o« 1

; A. Hematology, Clinical Laboratory Tests and Bone Marrow . . 7
: B. Absolute and Relative Organ Weights . . . . . « . . . . . 17
C. Presence of Varicug Substances in the Urine . . . . . . . 7

D. Occult Blood in Feces . . . . ¢ ¢« ¢ ¢ ¢« ¢ ¢« « ¢« o« « o + « 8

V. References. « « « o o« « o ¢ o o o o o s o o o s o o o« 2 v+ 4+« 8

Tables A = O . ¢« ¢ « v o v o o s o o & s o o s 8 o s o 2 e s s+ J10 -~ 24

T
gy

iit

B
ol




=

BE S
-

R e g c i P i

Lol

Wad G GEm O GSd UOT MEN BN ANV WU MY SED GH? A8 I wms e wee

"

JONT /TR NTETEATR FoUms oy Yy Ziiahbiub Al kel Sl skt Mlaiy diad b isabiibhivainisddhinke LAN NN R Bttty Shabiait S ia) 8 Sidhbanl b Ahd oy e ial

tmmr

HUMATOLOGY, CLINTCAL LASORATORY TESTS, HISTOPATHOLCGY,
STATISTICAL ANALYSIS, AND NORMAL VALUES

I. HEMATOLOGY AND CLINICAL LABORATORY TESTS

The usual blood sample from dogs is 8 wl, from monkeys 4 ml, and
from rats 0.3 ml for hematology and about 8 wml tor fvll analysis =zt termin-
ation.

. Hematology

The following hematological analyses aie pexforired on all blood
samples from rats, Aogs and monkayas.

1. Erythrocyte and leukocyte counts: A Coulter Electionic
Particle Counter with 100 u aperture 1is used.l/ Particle~free diluents
(lsoton for RBC, Zap-Ogiobin in Isotou for WSC, Coulter Electronics, inc.)
are counted to establisi the background. Each blood sample is counted in
auplicata. For each test day, twc control blcod samples (Diagnostic
Technology, Inc.) are cuunted separately ir duplicate.

2. Hematocrit: Hematocrit 1s determined in capillary tubes
using a microcapillary centrifuge (International Equipment Compzny, Model
MB). ‘two control blocd samples (Diusgnostic Technclogy, Inc.) are measured
separately  duplicate.

3. Hemoglobir: hemoglcbli. is measured as cyanomcthemoglobin.gj
Each blood sample is measured in dvplicate. Cyanomethemoglobin (Coulter
Electronics, Inc.) is used as the standard. For each assay, twu levels of
the standard are used and two con:trol blood samples (Uiagnostic Tecanology,
Inc.) are measured in dupliicate.

4. Methemoglobin (Met-lb): Met-Hb is measuread by the mathnd cf
Dubowski.é/ A positive control is made by adding potassium ferricyanide
to control blocd.

5. He'nz bodies: Heinz bodies are stained with methyl violet and
the percent of Heinz bodies ‘s calculated.

6. Mean covpuscuiar volume (MCV): MCV is calculated as followse:

MCV (u3) » _____ Hematocrit x 10
Ecythrocytes in millions/ma’

ram mameie 4 vaae
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7. Mean corpuscular hemoglobin (MCHb): MCHb is calculated as

follows:

Hemoglobin (gm %) x 10
Erythrocytes in millions/mm>

MCHL (upug) =

8. Mean corpuscular hemoglobin concentration (MCHbC): MCHbLC
18 calculated as follows:

MCHbC (gm %) = Hemoglobin “m Z) x 100
Hematocrit

9, Differential leukocyte counts: Wright's stain is used to
szain the leukocytes for examination. i

10. Reticulocyte count: Reticulocytes are counted by the methy-
lene blue method using the Miller disc.4/

; 11. Platelet count: A Coulter Electronic Particle Counter with
: 70 u aperture is used.2/ Particle-free Isoton is used as diluent and
covnted to establish the background. At weekly intervals, platelets are
also visually counted in a hemocytometer with a phase microscope for

; comparison.é

12, (Clotting time (dog and monkey): Clotting time is determined
by the capillary tube procedure using two capiilary tubes.zj The time
elapsed from the appearanc= of the blood from the animal and coagulation
ir either tube iz measured.

Y T TR T ey

B. Clinical Blood Tests
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The following clinical blood chemistry tests are performed on
all blood samples from dogs and monkeys and on blood samples from rats
at terminatiom.

1. ulood glucose: Fasting blood glucose is deterwined by Stein's
hexokinase method.8/ Stai.dard glucose so’ution (Dade) is usea to establish
a standard curve. For each assay, one level of the standard and two con-
trols (Reference Serum, Worthington; and Validate, General Diagnostics) are
measured.

2. Serum glutamic-oxaloacetic transamirase (SGOT): SGOT is
measured by the method of Amador and Wacker.9/ Validate and Reference
Serum are used as the enzyme reference for each assay.

T T e o
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. 3. Serum glutamic-pyruvic transaminase (SCPT): SGPT is measured
b by tigemethod of Henry et al.l®/ validate and Reference Serun are ueed us
the * 1izyme reference for euch assay.

4. Alkalire phoaphatase: Alkaline phosphatase is meawured by ,
N the methcd of Bowers and McComb.ll/ validate and Reference Serum are used !
x as the enzyme reference for each assay. '

5. BUN: BUN is measured using the BUN Strate Kit (Genercl} Diag-
noatic) which s based on the urease nethod,lll Three levels of Calibrate
(General Diagnostics) are used to establish a standard curve. For each
assay, two controls (Cal.ibrate I and Validate) ave used as the reference.

6. Crea%inine: C(reatirire is measured by a modified kinetic
alkaline picrate procedute.l.:i/ Creatinine Siandard Solutions (Sigma Chemi-
cal Company) are used to establish a standard curve. For each assay, two
levels of the standard and two centrols (Calibrate 1 and Validate) are
used as reference.

7. Lactate dehydvogenase (LDH): LDH is measured by the method
of Wacker ot al,1%/ Precinorm E end Precipath E (Boehringer, Mannheim
Corporation) are used as the enzyme controls for each assay.

8. a-Hydroxybutyrate dehydro ce (a-HRDH): o HBDH is megsured
by the method of Rosalki and Wilkingon.=—=/ Precinorm E and Precipath E arz
used as the enzyme controls for cach assay.

9, Cveatine pirosphokinase (CPK): CPK is measured by the improved
procedure of Rosalkil®/ based on the methods of Oliver.llf Precinorn E and
Precipath E are used as the enzyme coutrols for each assay.

C. Uzinalysis

Urine samples are collected from animals before and during traat-
tient 88 are thn bloud samples. The urine from rats is ccllected by sl1ight
manipalation of their body, and samples within each group are pooled. The
ronkeys and dogs are placed individually in metabelisz cager, and urine is
collected in the stairileas steel pan. The urine from each dog and the pooled
urine from rats are testad and examined for the following:

-
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1, Protein: Urinary protein is determiced with Labetix (Ames
Cowmpany, Elkhart, Indiana).
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2, Sugar: Urinary glucose and reducing substance are determined
with Labstix (Ames Company).
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3.  Micruscopic examination: Urine samples are ccntrifuged and
the supernhtant discarded. The residue is resuspended and examined micro-
scopically for the presence of erythrocytes, leukocytes, epithelial cells,
and crystals under high power field and for casts under low power field.

A positive urine control prepared with known amounts of protein
and glucose in salin> adjusted to pH 6.0 is run with each assay to check
the reliability of the Labstix.

D. Occult Blood in Feces - j

Fecal samples are collected from animals beforc and during
treatment as are the blood and urine samples. Occult blood in the feces
is determined with Hematest Reagent Tablets (Ames Company, Elkhart, Indiana).
A positive control (whole blood) and a negative control (distilled water)
are included with each assay to check the reliability of the Hematest:
tablete. '

E. Precision of Hematology and Clinical Blood Chemistrv Tests

1. Reproducibility

For erythrocyte and leukocyte counts, hemstocrit, hemogiobin, aad
the various clinical blood chemistry tests, the same control blnod samples
or control standards are used for day-to-day assays. The replication of
results are excellent and are summarized in Table A.

The deiermination of differential leukocyte counts and reticulocyte
counts are performed by experienced personnel. At weekly intervals, a bdlcod
sample 1s counted by two or more personnel to confirm the accuracy of the
counting. Also at weekly intervals, the platelet counts cbtsined from a
Coulter Electronic Particle Counter are compared with the direct visual
counts in a hemocytometer using a phase microscope. o

2. Reproducibility Within a Test bay

At monthly intervals, a blond sample is taken from a controul dog
and six or more determinations for erythrocyte, leukocyte, reticulocyte, -
and platele’ counts, hemoglobin, and variouc clinical blood chemistry tests ;
are performed to establish che repreducibility within ar assay. The results
are sumarized in Table B. ‘ -
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3. Proficiency Test Service

We subscribe to the Proficlency Test Service of the Insticute
for Clinical Science, Hahnemann Medical College, Philadelphia, Pennsylvania
(F. Wn. Sunderman, M.D., Director). On the first day of each month, this
gservice sendc two samples containing two different sera or solutions to all
subscribers for measurements of one or more of the parameters usually analyzed
in clinical laboratcries. Participants report their results on a form fur-
nished by the service. On the 15th day of the munth, each participant rve-
ceives a report from the service which includes: the results of a statistical
analysis of the values reportcd by all the participating laboratories; a
current review of pertinent methodology; a comprehensive bibliography; and
validation of the results which the participating laboratory reported. This
service enables each participating laboratory to obtain an unbiased and criti-
cal assessment of its proficiency in relatiovn to that of 1,000 or so other
clinical laboratories throughout the country. The service hss been in con-
tinuous operation since 1949 and was given endorsement by the American Society
of Clinical Pathologists in 1952 and by the Association of Clinical Sclentists
in 1957 and 1968. Our results have been found tc be satisfactory and are
summarized in Table C.
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I7I. HISTOPATHOLOGY
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A. Necropsy and Gross Examination
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ether, and dogs and monkeys with an overdose of sodium pentobarbital. Animals f
that die on tests are.kept refrigerated but not frozen until necropsy. The
general physical condition and nutritional status of each animal at the time
of death or termination are observed and recorded. Necropsv is performed as
soon as possible after death. Gross changes of all tissues are carefully
exauined and recorded.
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B. Organ Weights

~ The brain, liver, spleen, kidneys, adrenals, thyroids and gonads
are trimmed free from surrounding tissues and weighed. The organ weight to i
body weight and/or brain weight ratios are then calculated. 3

' At termiration or prior to imminent death, rats are killed with
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C. Tissues for Microscopic Examination

Tissues to be examined include the e¢ye, skin (breast), trachea,
lung, tongue (except rat), salivary gland, liver, gallbladder (except rats),
pancreas, esophagus, fundic and pyloric stomach, duodenum, jejunum, ileum,
cecum, coloun, kidneys, urinary bladdevr, gonads, and accessory organs,
diaphragm and gracilis muscle, anterior pituitary, :hyroids/parathyroids,
adrenals, tonsil (except rat), thymus, spleen, prescapular (except rats)
and mesenteric lymph nodes, rib bone with bone marrow, brain (sagittal
section fcr rats; coronal sections of cerebral cortex, cerebellum, and
brain stem for dog and monkey), spinal cord (lumbosacral plexus, dog and
monkey), sciatic nerve and any other structures not mentioned which show
abnormal gross changes,

D. Fixation and Staining of Tissues

All tissues are cut not to exceed 1 cm in thickness for fixation.
For most tissues, neutral buffered 10X formalin is used. Sufficient volume
of fixing solution is used and the tissues are changed to a fresh solution
after 24 hours. The fixed tissues are processed in an Autotechnicon for
dehydration, clearing, and infiltration and then embedded in paraffin-
Routine H & E staining is used to stain the sectioned tissues for micro-
scopic examination.

Supplementary tissue fixatives and staining techniques may be

employed for more positive identification of special lesions such as calci-
fication, pigments, fat deposition and other abnormal changes.

IT1I. STATISTICAL ANALYSIS

Data are analyzed statistically using the Duqnetc's multiple com-
parison procedure following an analysis of variance,lgf or our modification
of this procedure for uneven numbers among groups. The chosen criterion
significance is p € 0.05. The means of each group at various intervals
during treatment are compared with pretreatment levels. For most experi-
ments in-beagles, three baseline (pretreatment) levels are obtained. The
baseline levels for each animal are averaged and the mean is used in the
analysis. In addition, the means of the various treated groups are compared
with that of the control group at the respective time intervals.
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IV. NORMAL VALUES

A. Hematology, Clinical Laboratory Tests and Bone Marrow

Since June 1971, we have used about 180 rhesus monkeys (Woodard
Resesrch Corporation, Herndon, Virginia, Primate Imports, Port Washington,
New York, and Primelabs, Inc., Farmingdale, New Jersey) for various studies.
The peripheral blood elements and clinical blood chemistry values of these
monkeys before treatment and the myeloid/erythroid (M/E) ratio of the bone
marrow of the monkeys used as normal controls varied among individual ani-
mals. The mean + S.D. and the range of the various parameters for the males
and females are summarized in Tables D and E, respectively.

Since September 1971, we have used about 525, 5 to 9 months old,
beagles dogs (AKC registered, Hazelton Research Animals, Inc.). The periph-
eral blood elements, clinical blood chemistry values and the M/E ratio of
the bone marrov varied considerably among indivicual dogs. The mean 4 S.D.
and the ranges of the various parameters for the males and females are
gsummarized in Tables H and I, respectively.

e e 31 et T T

During the same period, we have used about 500, 7 to 10 weeks old,
male albino rats (CDQDStrain, Charles River Breeding Laboratories). As
for the dogs, the individual variations of the peripheral blood elements,
clinical blood chemistry values and the M/E ratio of the bone marrow were
large. The mean *+ S.D. and the ranges of the various parameters for these
male rats are summarized in Table L.

o

B. Absolute and Relative Organ Weights

L e e — T

Organ weights, both absolute and reiative to body weight, of
rhesus monkeys, beagle dogs, and albino rats are summarized in Tables F
and G, J and K, and M, respectively. These were control animals used be-
tween June 1971 and December 1976.

C. Presence of Various Substances in the Urine

Various substances occasionally occurred in the urine of monkeys,
dogs and rats. The results are summarized in Table N. Large percentage of
urine samples from monkeys contained epithelial cells, i.,e., 34.7% to 52.0%.
Other substances occurred in 8.1% or less of the urine samples.

In dogs, protein, erythrocytes, leukocytes and epithelial cells
werc present in 19.1 to 21.6%, 16.5 to 19.8%, 22.6 to 24.6% or 24.7 to 25.7%,
respectively, of the samples from dogs collected for analysis. Glucose,
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crystals, and casts occurred in less than 2% of these samples. Some dogs

had been bled and returned to the metabolism cages before the urine was
removed for analysis. The high incidence of some of these substances in

the urine of these dogs might be due to contamination with the fecal material
and traces of blood dropped in the cage. Special care to avoid contamination
has been undertaken.

In rats, large percentage of urine samples contained protein, 1i.e.,

29.8 to 36.0Z. A few samples contained erythrocytes, leukocytes, epithelial
cells and crystals.

D. Occult Blood in the Feces

Less than 10X of the feces samplas from monkaeys or dogs was poaitive
with the Hematest for occult blood. The results are summarized in Table O.
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TABLE A

REPRODUCIBILITY AMONG TEST DAYS ON THE

SAME CONTROL SAMPLES OR STANDARDSZ/

Erytlrocytes (x 106/mn3)
Normal level
Abnormal level

Hematocrit (vol %)
Normal leval
Abnormal level

Hemoglobin (gm %)

Normal level
Abnormal level

Leukocyte Counts (x 103/m3)
Normal level
Abnormal level

Fasting Blood Glucose (mg %)
SGOT (IU/f)

SGPT (IU/f)

Creatinine (mg Z)

BUN (mg %)

Bilirubin (mg X)

Alkaline Phosphatase (IU/{)
CPK

LDH

HBDH

a/ Performed in Dacember 1976.

No. of
Determninations Mean ¢+ S.D.
20 4.51 + 0.07
20 2.32 £ 0.04
20 44.3 £ 0.40
20 22.8 + 0.60
20 14.2 £ 0.20
20 7.4 £ 0.20
20 7.3 + 0.5C
20 17.6 + 0.80
20 163.0 + 7.5
23 61.7 + 3.9
23 51.3 + 2.6
18 2.2 + 0.3
19 9.8 £ 0.2
11 0.8 + 0.1
22 71.6 + 5.4
11 153.0 + 7.7
8 98.0 + 2.4
8 226.0 + 7.2

10

Range
4.36 - 4.67
2.25 - 2,40

&4 - 45

22 - 24
13.6 - 14.5

6.9 - 7.8

6.8 -~ 8.7
16.3 - 18.7

1,1 - 178

55 - 68

46 - 55

1.6 - 2.6
9.5 - 10.2
0.8 - 1.0

62 - 80

139 - 161
95 - 101
214 - 238
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TARLE

REPRODUCIBILITY WITHIN A TEST DAY

ON THE SAMZ SPECIMENS®:

Erythrocytes (x 109/mm3)

Reticulocytes (2)

Hematocrit (vel %)

Hemoglobin (gm %)

Platelets (x 105/mm3)

Leukocytes (x 103/mm3)
Bands (%)
Neutrophils (%)
Lywphocytes (%)
Eosinophils (%)
Basophils (X)
Monocytes (%)
Atypizal (%)

Nucleated REC (%)

Methemoglobin (gm 2)

Fasting Glucose (mg %)

SGOT (IU/f)

SGPT (IU/{)

Creatinine (mg X)

BUN (ug %)

Alkaline Phosphatase (IU/{)

CPK

LDH

HBDH

a/ Performed in October 1976.
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Ruuge
5.73 - 6.08
0.44 - 0.79
46.0 - 47.5
15.8 - 16.1
1.49 - 1.66
10.2 - 11.3

0-9

61 - 69

23 - 35

2 -4

0-0

3-5

0-0

0-0

6-0

< -101

21 - 28

24 - 28

0.5 - 0.6
9 -9
62 - 65
43 - 46
T - 40
4C - 43

b/ Six determinations from an adult beagle blcod sample.
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TABLE C

PROFICIENCY TEST SERVICE (PTS) REPORTS (1975-1976)2/

MR I

Unknowns Resgults
Hemoglobin 13.8 gm X
18.1 o %

Serum Protein 6.6 mzg %
Fasting Glucose 272.0 ng %
223.0 mg %

BUN 12.1 mg %
38.4 mg %

Creatinine 1.0 mg 2
4.3 mg %

Bilirubin 3.9 mg Z
1.3 mg %

Cholesterol 175.0 mg %
100.0 ung %
Ca 15.7 meq/{
9.5 meq/f
Na 156.0 meq/{
K 7.3 meq/f
cl 96.0 meq/f
78.0 meq/f

Mg

1.0 meq/{
1.9 meq/{

Participating
Laboratories
Pis (10-90 Percentiles) Acceptable
Results Median Mean Performanceb
13.8 13.8 13.8 13.6 - 14.0
17.9 17.9 17.8 17.6 - 18.2
7.1 7.0 7.0 6.7 - 7.3
264.5 266.0 263.0 240 - 290
221.4 220.5 222.5 200 - 240
12.0 12.0 12.2 11.0 - 13.0
40.1 40.3 39.2 36.0 - 44.0
1.0 1.0 1.0 0.8 - 1.3
4.4 4.5 4.4 3.9 -4.9
4.16 4.15 4.14 3.5 - 4.6
1.78 1.80 1.77 1.5 - 2.1
161.4 161.0 162.0 145 - 175
109.8 109.4 111.0 98 - 120
15.4 15.4 15.3 14.1 - 16.4
9.8 9.8 9.8 9.2 - 10.3
155.8 156.0 155.5 153 - 158
7.5 7.5 1.5 7.3 -17.7
97.8 98.0 97.5 96 - 101
79.4 79.0 80.0 77 - 83
1.1 1.1 1.2 0.9 - 1.4
2.0 2.0 2.1 1.8 - 2.3

a/ To date, we have received unknowns for phosphorus, uric acid, and serur
We do not routinely perform these determinations.
b/ Based ou valueg submitted by participants by 10th of month.

iron.
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; TABLZ F ;
] ]
; ABSOLUTE AND RELATIVE ORGAN WEIGHTS OF MALE RHESUS MONKEYS—’-/
E Absolute
Organ Weight Mean t S.D. Range
Tiver (gm) 82 *+ 17 64 - 122
Spiean (gm) 4.6 + 1.8 2.0 - 9.3
Kidneys (gm; 15.1 + 3.8 8.0 - 22.0 i
! Adrenals (gm) 0.73 £ 0.15 0.45 - 0.86
f Thyroids (gm) 0.57 + 1.30 0.37 - 0.81
- Tertes (gn) 1.29 * 0.67 0.53 - 3.30
E Relative (per kg body weipght)
' Mean * S.D. Range
|1
]
' Liver (gm) 23.4 * 2.5 18.8 - 32.4
: Spleen (gm) 1.25 & 0.47 0.57 - 2.38
E Kidneys (gm) 4.13 = 0.92 2.20 - 6.43
: Adrznals (ug) 201 *+ 44 129 - 254
i Thyroids (mg) 154 + 42 86 - 250
i "estes (gm) 0.34 + 0.11 0.18 - 0.53
: 57- Data collected between September 1971 and December 1976 from 17
] monkeys weighing 3.71 * 0.43 kg, used as coutrol animals. |
| |
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, TABLE G | ‘
.
ABSOLUTE AND RELATIVE ORGAN WEIGHTS OF FEMALE RHESUS MONKEYS.‘.‘_/ % 1
.
v [
] Absolute L
Organ Weight Mean * S.D. Range |
1 Liver (gm) 83 + 17 64 - 122
Spleen (gm) 3.8 £ 1.4 2.0 -~ 6.0
Kidneys (gm) 14.5 + 2.8 11.0 - 20.0 1
Adrenals (gm) 0.68 + 0.16 0.53 - 1.14
: Thyroids {(gm) 0.60 t 0.20 0.37 - 1.11
E Ovaries (gm) 0.28 + 0.10 0.14 - 0.4°
; __Relative (per kg body weight) ]
: Mcan ¢ S.D. Range S
: L
4 1
-‘ Liver (gm) 25.4 + 5.8 19.2 - 37.4
: Spleen (gr) 1.16 * 0.49 0.60 - 1.89 3
s Kidneys (gm) 4,40 * 0.86 3.20 - 6.25 i g
: Adrenals (mg) 212 + 80 138 - 438 :
é Thyroids (mg) 173 + 66 97 - 346 : i
Ovaries (mg) 82 + 28 43 - 140 |
; !
! !
; a/ Data collected between September 1971 and December 1976 from 11 '
, monkeys weighing 3.39 + 0.58 kg, used a': controls. ‘
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TABLE

J

ABSOLUTE AND RELATIVE ORGAN WEIGHTS OF MALE BEAGLE DGGSQI

Organ Weight

Liver (gm)
Spleen (gm)
Kidneys (gm)
Adrenals (gm)
Thyroids (gm)
Testes (gm)

Liver (gm)
Spleen (gm)
Kidneys (gm)
Adrenals (mg)
Thyroids (mg)
Testes (gm)

Absolute
Mean * S.D. Range
264 1 51 166 - 384
58 + 25 22 - 167
53 + 10 32 - 71
1.12 + 0.26 0.74 - 1.75
1.03 ¢+ 0,32 0.55 - 2.50
6.60 * 4.56 1.32 - 18.06
Relative (per kg body weight)
Mean t+ S.D. Range
27.9 * 4.2 19.6 - 42.3
6,0 + 2.0 2.8 - 12.5
5.6 + 0.8 4.0 - 7.7
117 + 25 70 - 165
108 * 34 56 - 211
0.67 * 0.39 0.13 - 1.67
1971 and December 1976 from 51 dogs,

a/ Data collected between September
weighing 9.3 + 1.8 kg, used as

control animals.
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TABLE

K

ABSOLUTE AND RELATIVE ORGAN WEIGHTS OF FEMALE BEAGLE DOGSE/

Organ Weight

Liver (gm)
Spleen (gm)
Kidneys (gm)
Adrenals (gm)
Thyroids (gm)
Ovaries (gm)

Liver (gm)
Spleen (gm)
Kidneys (ga)
Adrenals (mg)
Thyroids (ug)
Ovaries (mg)

Absolute
Mean * S.D. Range
218 £+ 51 106 - 322
48 * 21 16 - 103
43 + 9 24 - 71
1.04 £ 0.26 0.49 - 1.65
0.88 + 0.25 0.55 - 1.91
0.74 + 0.24 0.38 - 1.27

Relative (per kg body weight)

Mean + S.D. Range
28.2 + 5.0 20.7 - 38.8
6.0 £ 2.3 3.1 - 10.9
5.5 0.9 3.7-17.9
135 = 35 67 - 215
2 £ 31 75 - 219
Y+ 33 54 - 222

a/ Data collected between September
weighing 7.7 * 1.5 kg, used as

1971 and December 1976 from 49 dogs,
control animals.
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TABLE M

ABSOLUTE AND RELATIVE ORGAN WEIGHTS OF MALE ALBINO RATSS/

Organ Weight

Liver (gm)
Spleen (gm)
Kidneys (gm)
Adrenals (mg)
Thyroids (mg)
Testes (gm)

Liver (gm)
Spleen (gm)
Kidneys (gm)
Adrenals (mg)
Thyroids (mg)
Testes (gm)

a/ Data collected between September 1971 and December 1976 from 139 rats,

Absolute

Mean * S.D. Range
10.89 + 2.87 7.18 - 15.09
0.65 t 0.11 0.34 - 0.89
2.64 * 0,37 1.84 - 3.58
63.6 £ 9.5 21.9 - 73.5
26.3 £ 5.8 14.3 - 37.7
2.98 * 0.51 1.76 - 3.81

Relative (per 100 gm body weight)

Mean * S.D. Range
2,96 * 0.42 2,09 - 4,01
0.19 * 0.08 0.10 - 0.30
0.76 ¢ 0.10 0.22 - 0.88
18.6 * 5.8 5.8 - 22.4
7.6 £ 2,7 4,2 - 12.7
0.87 £ 0.15 0.23 - 1.09

weighing 352 * 59 gm, used as control animals.
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TABLE O

PRESENCE OF OCCULT BLOOD IN THE FECES OF MALE
AND FEMALE MONKEYS AND DOGS

Species: Monkeys Dogs
No. of Animals: 448/ 8 11887 30
No. of Collections: 44 48b/ 1us 1560/

Occult Blood: Negative  9C.9 (40)S/  95.8 (46)  94.1 (111)  91.7 (143)

Positive 9.1 (4) 4.2 (2) 5.9 (7) 8.3 (13)

a/ Baseline data collected from all animals employed between July 1974 and
December 1976.

b/ Data collected at weekly intervale for 4-7 collections from controls
employed between Juiy 1974 and December 1976.

c/ Percent of total (number of samples).
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